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I. INTRODUCTION 


The Tracking and Data System supporting the Viking 1975 Project 
is the selected collection of Earth-based equipment, software, personnel, 
and procedures required to transmit commands; acquire, relay, and process 
science and engineering data; and generate, transmit, and process radio 
metric data. All of the System's resources - including elements of the 
Air Force Eastern Test Range of the Department of Defense, Kennedy Space 
Center, Spaceflight Tracking and Data Network, National Aeronautics and 
Space Administration Communications., and the Deep Space Network, also a 
National Aeronautics and Space Administration network - were committed 
to the support of the Mars mission. Of these resources, the Deep Space . 
Network was to be used continuously throughout the mission as an 
integral part of the Viking ground data system. 

The Deep Space Network, established by the National Aeronautics 
and Space Administration Office of Tracking and Data Acquisition under 
the system management and technical direction of the Jet Propulsion 
Laboratory, is designed for two-way communications with unmanned space- 
craft traveling approximately 16,000 km (10,000 mi) from Earth to the 
farthest planets of our solar system. It has provided tracking and 
data acquisition support for the following National Aeronautics and 
Space Administration deep space exploration projects, for which the 
Laboratory has been responsible for the project management, develop- 
ment of the spacecraft, and conduct of mission operations: 

(1) Ranger 

(2) Surveyor 

(3) Mariner Venus 1962 

(4) Mariner Mars 1964 

( 5 ) Mariner Venus 1967 

(6) Mariner Mars 1969 

(7) Mariner Mars 1971 

(8) Mariner Venus /Mercury I 973 

The Network has also provided tracking and data acquisition 
support for the following projects: 

(1) Lunar Orbiter, for which the Langley Research Center 
carried out the project management, spacecraft development, 
and mission operations functions. 

(2) Pioneer, for which the Ames Research Center carried out 
the project management spacecraft development, and mission 
operations functions. 

(3) Apollo, for which the Lyndon B. Johnson Space Center was the 
project center and the Deep Space Network supplemented the 
Spaceflight Tracking and. Data Network, which is managed by. 
the Goddard Space Flight Center. - 


EAGE. INTEPUNONAIX’A BLANK' 
\V 
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(4) Helios, a joint United States/West German project. 

(5) Viking, for which the Langley Research Center provides the 
project management and Lander spacecraft, and conducts 
mission operations, and for which the Jet Propulsion 
Laboratory provides the Orbiter spacecraft. 

The National Aeronautics and Space Administration Spaceflight 
Tracking and Data Network is under the system management and technical 
direction of the Goddard Space Flight Center. Its function is to 
support manned and unmanned Earth-orbiting and lunar scientific and 
advanced technology satellites. In addition, the Network provides 
support from some of its stations for that part of mission trajectory 
from lift-off at the launch pad to acquisition of the spacecraft by one 
or more of the stations of the Deep Space Network. This portion of the 
trajectory closely approximates the flight paths of the low-altitude 
Earth orbiting satellites for which the Spaceflight Tracking and Data 
Network was designed. 

Further support during this so-called "near-Earth" phase is 
provided by ships, aircraft, and tracking stations of the Air Force 
Eastern Test Range. With the range head at Cape Canaveral, Florida, 
the downrange tracking stations reach in a southeasterly direction 
across the Atlantic Ocean to Ascension Island. Suitable deployment 
of ships and instrumented aircraft extend coverages of all spacecraft 
launched eastwardly from Florida across South Africa and the Indian 
Ocean. Responsibility for the deployment of all these resources to 
provide support in both the near-Earth and deep space phases of a 
space mission is assigned to the Tracking and Data Acquisition Manager. 
When properly configured, tested, and scheduled, the sum total of the 
resources described above are known collectively as the Tracking and 
Data Acquisition System. 

The Viking Project is unique in many respects: as a scientific 

exploration, it is outstanding in the potential importance of its objec- 
tives; as a planetary project, in its technical and organizational com- 
plexity and size; and as a user of tracking and data acquisition 
capabilities, in the scope and depth of its requirements. The Viking 
Mars 1975 mission, consisting of two composite Orbiter Lander spacecraft 
was programmed to reach Mars in mid-1976, soft-land on its surface, and 
begin, as one objective, the search for evidence of life on the red 
planet. Viking is the first flight project specifically designed to 
answer this momentous question . 

. The Project engages major efforts at a number of National Aero- 

nautics- and Space Administration Centers, at the Jet Propulsion Labora- 
tory, and by many industrial contractors and subcontractors. The 
Orbiter and Lander systems were large , complex designs, especially the 
Lander; the Titan Centaur launch vehicle was a new, powerful, and complex 
system. Cruise and planetary operations require a sizeable flight 
operations team made up of specialists in many different disciplines as 
well as numerous scientists with a variety of interests spanning the 
entire science . community.' 
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Viking Project requirements for tracking and data- acquis it ion 
support are substantially greater than previous requirements for Mariner 
or Pioneer-class missions. A maximum of six telemetry streams (two each 
from both Orbiters and one Lander or the other) are to be accommodated 
simultaneously; two Orbiters, or one Orbiter and one Lander, are to be . 
tracked and commanded at any one time. The critical period, encompas- 
sing planetary approach and operations, lasts approximately five months. 
During the early part of this period with one spacecraft at the planet, 
an extra set of tracking stations is required to deal with the second 
spacecraft, still in its planetary approach phase. When both spacecraft 
can be covered by one antenna beamwidth, only two sets' of antennas are 
needed. Thus during the Viking view periods, virtually the entire capa- 
ility of the Network is engaged by this single Project. 

At its inception in the late 1960s, the Viking Project was intended 
to be launched in the 1973 Mars opportunity, making use of the Mariner 
1969 flyby and Mariner 1971 orbiter design and operations experience, and 
their data on the planet. Viking would complete the Mariner-Mars mission 
sequence of orderly planetary exploration by soft-landing a package of 
scientific instruments on the planet's surface. To increase mission 
reliability and scientific scope, two launches were planned. Precise 
navigation data would be required to achieve the desired landing accu- 
racies, and large quantities of scientific and engineering data were 
to be telemetered from the two orbiting and two landing craft. 

Preliminary Tracking and Data System planning for Viking was 
undertaken on this basis. Construction of the 64-meter antenna subnet 
of the Deep Space Network was just then getting underway after a few 
years' successful operation of the initial advanced antenna system at 
station l4, the Mars site at Goldstone, California. A contractor was 
selected to build and install 64-meter antennas at the overseas sites 
in Australia and Spain, and these facilities were scheduled to be ready 
to support the Viking 1973 mission. In addition, during this period 
other new elements of the Tracking and Data Acquisition System destined 
for Viking support were being demonstrated, such as high-rate telemetry, 
high-powered transmitters, and the Differenced Range Versus Integrated 
Doppler navigation techniques. 

At the beginning of 1970, funding considerations created far- 
reaching changes in the Viking Project and resulted in an alteration of; 
the flight schedule from the 1973 to the 1975 launch opportunity. The 
revised launch date permitted a more thorough examination of Tracking 
and Data System support requirements and capabilities, and an increased 
level of commitment from that possible for a 1973 mission. 

In July 1972, the National Aeronautics and Space Administration 
undertook a change in the interface between the Network and the flight 
projects. Since January 1, 1964, the Network, in addition to the Deep 
Space Stations and the Ground Communications Facility, also included 
the Mission Control and Computing Facility, and provided the equipment 
in the mission support areas for the conduct of mission operations. 

The latter facilities were housed in a building at the Jet Propulsion 
Laboratory known as the Space Flight Operations Facility. The 

5 
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interface change was to accommodate a hardware interface between the 
Network operations control functions and the mission control and com- 
puting functions. This resulted in the flight project assuming cogniz- 
ance of the large general-purpose digital computers, which were used for 
Network processing as well as mission data processing. It also assumed 
cognizance of all of the equipment in the flight operations facility for 
display, and communications necessary for the conduct of mission opera- 
tions . The Network had already undertaken the development of hardware and 
computer software necessary to carry out its network operations control 
and monitor functions in separate computers; this development was to be 
known as the Network Control System. A characteristic of the new inter- 
face would be that the Network provided direct data flow to and from the 
stations via appropriate ground communications equipment to Mission Opera- 
tions Centers, wherever they may be; this flow consists of metric data, 
science and engineering telemetry, and Network monitor data useful to 
the flight project. It would accept command data in a standardized 
format from the flight project directly Into the ground communications 
equipment for transmission to the station and thence to the spacecraft. 

By the end of 1973, the planning phase was essentially complete. 

Key capabilities and interface documents (including a new system inter- 
face document) had been revised and released, the design had matured, 
and key technical studies were completed. In addition, the subnetwork 
of 6U-meter antennas was operational and the implementation phase had 
begun. Initial design compatibility testing with breadboard models of 
the Orbiter and Lander radio system had begun at the Compatibility 
Test Area 21 at ■ the Jet Propulsion Laboratory at Pasadena, California. 

Following these tests, simulated spacecraft data were input to 
the Compatibility Test Area 21 to verify the design of the ground data 
link, beginning with radio frequency data from the spacecraft and end- 
ing with data displays in the Control Center. In progressive stages, 
these simulated operations were built up to represent the maximum 
mission load conditions; system integration and data compatibility were 
demonstrated during the summer of 197 ^- 

A succeeding series of ground data system tests, using the actual 
tracking stations and test models of the Viking Orbiter and Lander, pro- 
vided training for the personnel of the Flight Operations System as well 
as the Deep Space Network and Mission Control and Computing Center, and 
established the readiness of the Tracking and Data System for supporting 
the Mission. 

In this volume, the Viking Project and the deep space and near- 
Earth elements of the System are described first. Then follows an out- 
line of the essential elements of Viking planning: the balancing of 

requirements : and capabilities , the definition of system interfaces , 
planning activities, and the final system design. Next, the elements 
of the implementation phase are discussed: facilities changes , develop- 

ment of new techniques, and interface and system integrity established 
through testing and training. A bibliography of pertinent Viking Pro- 
ject and Network documentation and a chronology of key events and 
activities of the prelaunch phase completes this first volume. 

v 6 : 7 ' v ;'i 



33-783, Vol. I 


II. THE VIKING PROJECT 


A. CONCEPT 

The roots of the Viking Project go back to the 1968 summer studies 
of the Space Science Board of the National Academy of Sciences. These 
studies defined the desirability of the search for extraterrestrial life 
in our solar system on the surface of Mars, using unmanned spacecraft. 
In-house technical studies of a possible 1973 Mars Lander mission were 
begun at Langley Research Center in March 1968; related studies at the 
Jet Propulsion Laboratory were called for in September, and the National 
Aeronautics and Space Administration Office of Space Science and 
Applications approved a Viking Mars 1973 Program in November. The Pro- 
ject Approval Document was signed in February 1969. 

The scientific background to Viking stems from the Mariner mis- 
sions to Mars in 1964-65, 1969, and 1971-73. In 1965, Mariner 4 was 
the pioneering flight to Mars, providing a few television pictures of 
its cratered surface and defining the physical parameters of its 
atmosphere in a fast flyby mission. In 1969 , Mariner 6 and Mariner 7 
conducted more extensive approach and flyby imaging, acquired spectral 
data on atmospheric composition, and did initial thermal mapping. 

Mariner 9, placed in orbit about Mars in 1972, surveyed the entire 
surface at various image resolutions and performed extensive spectral, 
thermal, and gravitational studies. A landing mission was the next 
logical step. Considerable program planning of a large and complex 
orbit er-lander mission had been carried out under the Voyager Program, 
which was terminated in its early stages in favor of the more conserva- 
tive Mariner 1969 , Mariner 1971, and Viking mission set. 

The concept of the Viking Project involved two Viking spacecraft, 
each consisting of an Orbiter and a Lander, boosted by a Titan/Centaur 
Launch Vehicle into a Mars trajectory at the 1975 opportunity. On 
arrival at the planet , each spacecraft was to be placed in orbit ; 
following a mapping survey and landing-site verification, the Lander 
capsule was to separate from its Orbiter, and through a number of stages, 
the Lander was to be brought to the Mars surface. This series of events 
is represented pictorially in Fig. 1. Although the primary science 
investigations would be carried out by the Lander on the Martian surface, 
a significant science return would be obtained from experiments conducted 
by the Orbiter in orbit and by the Lander during its descent through the 
Martian atmosphere. 


B. OBJECTIVES AND MISSION SUMMARY 

The basic formal objective of the Project is to advance signif- 
icantly our knowledge of the planet Mars by direct measurements in the 
atmosphere and on the surface, and observations of the planet during 
approach and from orbit during the 1975 opportunity. Particular emphasis 
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is placed on obtaining "biological, chemical, and environmental factors 
relevant to the existence of life on the planet at this time, at some 
time in the past, or the potentials for the development of life in the 
future. 

The detailed objectives during the various mission phases are: 

(1) Orbital Phase: 

(a) To obtain image, thermal, and water vapor information 
to be used in landing site selection for the Landers. 

(b) To obtain repeated image, thermal, and water vapor 
coverage of landing sites during lifetime of the 
Landers on the surface. 

(c) To obtain image, thermal, and water vapor information 
to be used in selection of landing sites for future 
missions . 

(d) To obtain image, thermal, and water vapor information 
to be used in the study of dynamic and physical char- 
acteristics of the planet and its atmosphere. 

(e) To conduct scientific investigations using the Orbiter 
radio system. 

(2) Entry Phase: to determine the atmospheric structure and 

composition. 

(3) Landed Phase : . 

(a) To visually characterize the landing site. 

(b) To search for evidence of living organisms. 

(c) To search for and characterize organic compounds. 

(d) To determine the elemental composition of the surface 
material. 

(e) To determine the atmospheric composition and its tem- 
poral variations. 

(f) To determine the temporal variations of atmospheric 
temperature, pressure, and wind velocity. 

(g) To determine the seismological characteristics of the 
planet . 

, (h) To conduct scientific investigations using the Lander 

radio , engineering sensors , magnet s , and other infor- 
mation that may be obtained from the Lander. 
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The launch window would ocifur during August - September 1975- 
The two Titan/Centaur/Viking space vehicles would he launched from 
Kennedy Space Flight Center, not less than ten days apart. Typical 
launch-phase Earth tracks are shown in Fig. 2. The two composite 
Viking spacecraft would he tracked continuously during the transit 
phase, which lasts approximately 11 months. On arrival (late June 
for Mission A, early August for Mission B), the Orbiter propulsion sub- 
system would place each composite spacecraft in orbit. Typical transit 
trajectories are shown in Fig. 3. 

Orbiter-based scientific operations begin during the approach, and 
continue through the orbit phase. The first Orbiter would conduct a 
few weeks' survey and verification of the proposed landing sites, after 
which the" Lander capsule would be separated to enter the Mars atmosphere 
(protected by an aeroshell), with deceleration by a parachute, and then 
soft land under control of its descent engines. 

On the surface, the Lander would conduct visual observations, 
atmospheric measurements, and a variety of experiments on surface 
samples. Most of its telemetry data would be relayed by very high 
frequency (VHF) link to the Orbiter, which would continue its observa- 
tions of the planet as well. Sampled measurements would be telemetered 
directly to Earth during a duty cycle of about two hours per day. 

On arrival,, the second Viking would execute somewhat similar 
events. The second Lander would enter the atmosphere and descend to 
the planet surface about two weeks after the first Lander. The com- 
munications configuration between the Orbiters and Landers on Mars and 
the tracking stations on Earth at this stage is depicted in Fig. 4. 

About two months of surface operations were planned for each 
Lander. The nominal Viking Mars mission would conclude just before 
solar conjunction (November lp, 1978) when decreasing Sun-Earth- 
spacecraft angle would interrupt communications between the Network 
and the spacecraft. 

Extended mission operations up to two years in duration were 
planned to follow the resumption of Earth-Mars communications, in 
December 1976. 


C. FUNCTIONAL ORGANIZATION 

The Viking Project embodies six basic functional elements that 
must be operated together by the Viking Flight Team to execute the 
mission. These functional elements are summarized in Fig. -%:■ -y; - 

The Titan IIIE/Centaur was a new launch vehicle configuration 
provided by the Lewis Research Center (Cleveland, Ohio) and planned for 
use in the Helios and Mariner Jupiter-Saturn 1977 missions as well as 
Viking. The vehicle is shown in Fig. 6. 
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Fig. 5. Elements of the Viking Project 


The Viking Orhiter design was based on earlier Mariner spacecraft 
designs, but strengthened and modified to carry the Lander capsule. It 
was provided by the Jet Propulsion Laboi’atory • The Spacecraft configura- 
tion is given in Fig. 7, and its scientific experiments are listed in 
Table 1. 

The design of the Viking Lander, which was built by the Martin- 
Marietta Corporation for Langley Research Center, represented a new 
design to survive Martian entry, landing, and surface environment. It 
is powered by radioisotope thermoelectric generators and has the capa- 
bility of direct two-way communications with Earth, as well as a one- 
way very high frequency telemetry link to the Orbiter. Its configura- 
tion is shown in Fig. 8, and its scientific experiment complement given 
in Table 1. 

Following launch from the Launch Complex 4l at Cape Canaveral , 
Florida, the Viking mission will be conducted by a Flight Operations 
Team responsible for the operation of the spacecrafts and for mission 
operations to the end of the mission. The team consists, primarily of 
trained operating personnel housed in the Mission Control and Comput- 
ing Center at the Jet Propulsion Laboratory and directed by Project 
Management staff from the Langley Research Center, Hampton, Virginia. 

The Mission Control and Computing Center System is defined as 
"a selected collection of Earth-based equipment, software, personnel, 
and procedures required to prepare and transmit commands, acquiie, 
process, and display metric, science, and engineering data, and furnish 
it in an organized manner for Project analyses . " These resources were 
provided to the Viking Project by the Jet Propulsion Laboratory and 
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Tatle 1. Viking scientific experiments 


Mission phase 

Experiments 

Principal scientists 

Orb iter 

Television imaging 

M.H. Carr , 

U.S. Geologic Survey 


IR thermal mapping 
(surface) 

E.H. Kieffer, 

U. California, L.A. 


Water vapor 
mapping (infrared) 

C . B . Farmer , 

Jet Propulsion Laboratory 


S/X-band radio 

W.H. Michael, 

Langley Research Center 

Aeroshell 

entry 

Ion and electron 
retarding potential 
analyses 

A.O.C. Nier, 

U. of Minnesota 


Neutral gas mass 
spectrometry 

A.O.C. Nier, 

U. of Minnesota 


Upper atmospheric 
pressure and temp- 
erature measure- 
ments 

A.O.C. Nier, 

U. of Minnesota 

Lander 

Imaging 

T.A. Mutch, Brown U. 


Biology detection 

H.P. Klein, 

Ames Research Center 


Mol e cul ar mas s 
spectrometry, gas 
chromatography , 
and X-ray spectrom- 
etry 

K, Biemann, 

Massachusetts Institute of 
Technology 


Meteorology: varia- 

tions in pressure, 
temperature, and 
wind velocity 

S.L. Hess, 
Florida State U. 


Seismometry 
. ( 3 axes ) 

D.L. Anderson , 
California Institute of 
Technology 1. 
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Table 1 

(contd) 

Mission phase 

Experiments 

Principal scientists 

Lander 
( contd) 

Surface magnetic 
and physical 
properties 

R.B. Hargraves, 
Princeton U. 
H.W. Shorthill , 
U. of Utah 


were used continuously throughout the mission as an integral part of 
the Viking ground data system. 


The Viking Project encompasses support from the several agencies 
shown in Fig. 9- It- is managed by Langley Research Center, under the 
National Aeronautics and Space Administration Office of Space Science 
Program management, with the Martin Marietta Corporation as contractor 
for the Viking Lander. The Launch Vehicle System is managed hy Lewis 
Research Center, with Martin-Marietta and General Dynamics Convair as 
vehicle contractors. The Jet Propulsion Laboratory is responsible for 
the Orb iter System, Tracking and Data System, and the Mission Control 
and Computing System. .. The Cape Canaveral Air Force Station and Kennedy 
Space Center provided -support for all launch operations activities. 



Fig. 9 . Viking Project supporting agencies 
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D. REQUIREMENTS FOR TRACKING AND DATA SYSTEM SUPPORT 

1 . General 

Viking Project requirements for System support covered three 
technical categories: metric data support, telemetry recovery (including 

scientific data), and command link support. These were divided by 
reason of equipment organization into two chronological phases: near- 

Earth and deep space, as defined in Section III. The requirements spe- 
ify support coverage (in time), character (e.g. , signal frequency), and 
quality (accuracy of data) , with, in some cases, priority of require- 
ment. They also prescribed the creation of data records and their 
transmittal to the Project, using the capability described in Section III 
In addition to these requirements to support Viking mission activities, 
the System was also required to support certain prelaunch activities to 
demonstrate compatibility with interfacing systems of the Project and 
readiness to support mission operations. 


2 . Near-Earth . 

Near-Earth requirements included radars to track the launch vehi- 
cle, generate metric data, and transfer it in real time to the Real- 
Time Computing System for computation of trajectories and downrange 
acquisition information. Radio metric data acquired in this phase were 
to be processed to provide initial spacecraft orbital elements and 
targeting information, as well as initial acquisition information for 
the Deep Space Stations. A typical launch trajectory profile is given 
in Fig. 10. Telemetry data were to be acquired and recorded, with real- 
time transmission to range control center and/or relay to the Control 
Center of selected data (see Fig. ll). Commands to the spacecraft 
(besides checkout) were sent by the Deep Space Network only. The Net- 
work avoided commands during the prelaunch checkout operations and 
started commanding the spacecraft postlaunch shortly after initial 
acquisition by the Network . 

A summary of the Viking requirements for near-Earth support is 
given by Fig. 12. Metric data, launch vehicle telemetry data, and 
spacecraft telemetry data are tabulated within the figure. 

The mandatory (M) classification is the minimum requirement that 
is essential to the achievement of program, mission, or test objectives 
for which it is specified. (if these requirements are not supported, 
a decision not to launch is a possibility.) Required (r) designates 
support of material aid in achievement of all objectives, and is neces- 
sary for detailed analysis of system performance, but not critical. 
Desired (D) designates support In addition to the mandatory or required, 
and that may be accumulated for long-term analysis of system performance . 
Inability to attain these data will not . compromise the achievement of 
an objective. 
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3. Deep Space Station Support 


A set of three 26-meter stations (Stations 11 (Goldstone ) ) , 42 
(Australia), and 6l (Spain), were required as the primary stations for 
cruise support until limiting signal conditions required transfer to 
"the 64-meter subnet. Twenty-six meter and 64-meter subnets (Sta- 
ations 11, l4 (Goldstone), 42/43 (Australia), and 61/63 (Spain)) were 
required for Mars operations support. A second 26-meter subnet (Sta- 
tions 12 (Goldstone), 44 (Australia), and 62 (Spain)) was to provide 
support for the .limited periods shown in Fig. 13. Shortly after launch, 
when telecommunications requirements exceeded the capability of the 
26-meter subnet, the 64-meter stations were to he employed to provide 
the necessary telemetry support. Planned coverage is given in Fig. 13. 
Full planetary ranging capability was required at Stations 11, l4 , 43, 
and 63 only. This capability could be shared at Stations 42/43, and 
61/63. Dual S- and X-band receive capability was desired at Sta- 
tions 14, 43, and 63. Telemetry and command data were to be received 
and processed as required, for transmission to the Mission. Control 
Center. 
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4. Ground Communications Facility Support 

Standard National Aeronautics and Space Administration Communica- 
tions and Deep Space Network/Ground Communications Facility voice, 
teletype, high-speed, and -wideband circuits were requested to meet 
communications and data transmission requirements consistent with the 
telemetry, metric command, and simulation data rates. 

5. Simulation Support 

Capability was to be provided for the generation of Network 
simulation data, as well as for accepting a simulated command-responsive 
telemetry data stream from the Project. 

6. Network Operations Control Center 

The Network Operations Control Center was to provide for control 
and monitoring of Network performance. All incoming data was to be 
validated at this point while being simultaneously transferred to the 
Viking Mission Control and Computing Center for real-time use by the 
Flight Operations System. Any missing or bad data would be recalled 
from the stations and provided to the Project within 24 hours as part 
of the Intermediate Data Records. 


7 . Backup Capability 

The Project assumed that elements of the 26-meter subnet would be 
used .to provide backup capability for the 64-meter subnet in the event 
of failures from which rapid recovery at the affected 64-meter stations 
Was not otherwise feasible. The Project recognized these factors in 
its mission design activities, particularly during critical sequences 
of the mission. 


8. Operational Readiness 

In response to Project requirements, the Deep Space Network imple- 
mentation plan was to provide for all major hardware, and software 
necessary to reconfigure the Network for Viking to be on site (including 
overseas sites) prior to Summer 1975 launches. However , system testing 
of all hardware and software in the planetary configuration would not 
take place at the overseas sites until November /Dec ember 1975. 

9. Station Coverage 

Requirements for Deep Space Station coverage are shown in Tables 2 
and 3. The unit of coverage is the average 12-hour pass which includes 
an 8 -hour view period. This coverage assumed launches on August 11 
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Table 2. Deep Space Network coverage for flight operations, calendar year 1975 
(average number of 12-hour passes jper week) 


Deep Space 

Station. , , 

, v/eek number 

subnets , . 

key ' ' " 

events 33 34 35 36 37 38 39 40 tl 42 43 44 

11, 42, 6l 3 io 21 21 21 21 21 12 10 11 n n 


l 1 *, it3, 63 17 21 21 21 21 21 21 19 14 i4 i4 pi, 


12, 44, 62 o 0 0 0 0 0 0 0 4 4 4 3 


Key to 1975 Mission Events 

1= Launch A, 8-12 

2 = Midcourse maneuver 1A, 8-17 

3 = Launch B, 8-21 

4 = Midcourse maneuver IB, 9-23 

5 = Launch B plus 40 days, 9-30 

6 = Launch Helios B, 12-8 


i»5 46 47 48 49 50 51 52 


20 21 21 21 21 21 21 21 (a) Coverage shown is typical and is that 

associated with a particular set of 
launch and encounter dates. Coverage 
requirements are subject to adjustment 
5 as tJle la-uhch and encounter dates vary 

04444 within the hounds of Launch Date - 

Encounter Date strategy. 

(b) A Viking Orbiter constraint limits tc 
5 77 A 7 < n 3 h ° UrS the period that Engineering 

' ° 0 . 0 telemetry is not received. Consequently, 

during interplanetary cruise, when only 
■ °^ e station is "up," the spacecraft will 

be tracked alternately 2 hours out of 
every 5 hours, with 1 hour available for 
switching from one to the other. 

6 (c) Station l4 X-band radar mapping passes have 

been added in weeks 45, 46, 47, 49 , and 52. 
” ~ ■ — — — for 1975 and in weeks 1-6 and 9 in 1976. 
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Table 3. Deep Space Network coverage for flight operations, calendar year 19?6 

( average number of 12 — hour, passes per week) 


Deep 

Space 

Station 

subnets, 

events 1 2 3 4 5 6 7 8 9 10 11 12 13 l4 15 16 IT 18 19 20 


Week number 

21 22 23 24 25 26 2T 28 29 30 31 32 33 34 35 36 3? 38 39 40 4l 42 43 44 45 46 4? 


21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 3 


11.42,61 21 21 21 21 21 15 8 8 10 17 18 18 15 10 8 8 6 6 8 11 10 11 11 20 21 21 21 21 

14,43,63 5 6 7 4 4 10 21 21 18 T 7 7 IT 21 21 21 21 21 21 21 21 2! 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 3 

00003332 0 0 0 000000000007468504203221 3 2 2 1 1 0 0 


12,44,62 0 0 0 0 0 


>V) Mission 

ON key 

events 


7 8 9 10 


11 12 13 15 10 17 18 19 20 21 22 

19 


23 24 25 26 27 28 29 


Key to 1976 Mission events 

7 = Viking A scan calibration 

8 = Viking B scan calibration I, 2-16 

9 = Helios perihelion, 2-23 - 3-22 

10 — Assumed period of high solar activity , 3-22 

11 = Viking A scan calibration IX, 4-12 

12 =, Viking B scan calibration II, 4-19 

13 = Viking A visual calibration I, 5-3 

14 = Viking A encounter minus 40 days, 5-8 

15 = Viking B visual calibration X, 5-10 

16 = Midcourse maneuver Viking A, 5-17 

17 = Viking A visual calibration II, 5-24 

18 = viking A encounter minus 10 days, midcourse maneuver, 6-8 

19 = Viking A encounter, 6-l8 

20 = Touchdown for Viking A, 7-4 _ „ _ 

21 — viking B encounter minus 30 days, midcourse maneuver, i — 7 


22 = Viking B encounter, 8-7 , 

23 = Touchdown for Viking E; Viking A low activity begins, 9— 1 

24 = Viking A desynchronization, 9-6 

25 = Viking B plane change, 9-13 

26 = Viking B resynchronization * 9-20 _ . 

27 = Viking A synchronization; Viking B desynchronization, 10-s 

28 = Viking B synchronization, 10-2 

29 = End of Mission, 11-15 


HQTE: fee Table 2 Mote. 


H 


“T°A ‘£8i-££ 
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iqj / 1 ’ ^ ° th dela y e( i) . Mars arrivals on June 18 and August 7, 

1976, and landings on July 4, and September 4, 1976 . 


10. Data Requirements 

Radio metric data were required during cruise for navigation 
purposes, and also during orbital operations for orbit determination 
ephemens studies and radio science experiments. ’ 

nets = apablliWeB ter and 64- me ter sub- 


a. 26-Meter Subnet 

(1) Planetary ranging and Differenced Range Versus Inte- 
grated Doppler on one S-band carrier at Stations 11, 
42, and 6l shared with 64-meter stations at Sta- 
tions 42 and 6l. 

(2) Two-way S-band doppler simultaneously with plane- 
tary ranging. 

(3) Planetary ranging and Differenced Range Versus 
Integrated Doppler at Station 11 only. 

(4) Planetary ranging capability at Stations 42 and 6l 
to be shared with their conjoint 64-meter stations. 

(5) Two-way S-band doppler at Stations 12, 44, and 62. 

64-Meter Subnet 

(1) Planetary ranging on one S-band, two-way carrier and 
one coherent X-band, one-way downlink carrier simul- 
taneously at Stations l4, 43, and 63. The S-band 
ranging capability to be shared at conjoint Sta- 
tions 43 and 63. 

(2) One two-way S-band doppler stream and one one-way 
coherent X-band doppler stream available at the same 
time as planetary ranging is in operation. 

(3) Differenced Range Versus Integrated Doppler data 
available at S— and X— band when ranging is in 
operation. 

(4) Possible combinations of data streams at each 64-meter 
station are summarized as follows: 
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1 
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Key: 

D = one 2-way S-band doppler stream 
s 

D^ = one X-band downlink doppler stream 

R g = one S-band ranging stream 

R x = one X-band downlink 'ranging stream 

(5) Ground weather data and ionospheric data to be provided 
to the Project via postpass playback on high-speed 
circuits in accordance with formats of Mission Con- 
trol and Computing Center to Deep Space Network 
Interface Requirements, Volume IV of Orbiter System, 
Lander System, Viking Mission Control and Computing 
Center System to Data System Interface Requirements 
Document . 

(6) Each 64-meter station provides two doppler counters. 

One will operate at S-band or X-band (one-way coherent) 
while the other will operate at S-band (two-way) only. 

(7) Each 64-meter station provides one planetary ranging 
system that can operate simultaneously by S-band (two- 
way) and X-band (one-way). The planetary ranging 
system will operate under input signal conditions 

p /N = -10 dB for an acquisition time of 10 minutes. 

R 0 

Requirements for radio metric data accuracy are given in Table 4. 

Telemetry coverage requirements varied with the phase of the mis- 
sion. During the long cruise period, each Deep Space Station was required 
to receive one spacecraft at a time, each transmitting one engineering and 
one science channel. After the arrival of the second spacecraft at the 
planet, each 64-meter station was required to receive simultaneously two 
spacecraft/, each transmitting one engineering and one science data stream. 
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Table 4. Deep Space Network radio metric data support — accuracy 


Item 


Viking requirements 
(3a) 


Network capabilities 
(3a) 


, Two-way S-band 
doppler 
accuracy (i) 

2.1 mm/ s for 60-s 
interval 

2.1 mm/s for 6-s count 
interval (2400 s round 
trip light time) 


40-ns (6-m) phase 
delay stability 
over 12 -h pass 

5-7 m over 12 h (2400 s 
round trip light time 

, S-band ranging 
accuracy (Net- 
work only) (i) 

100-ns (15-m) know- 
ledge of ranging 
group delay at all 
times 

Banging System accuracy 
(l a) due to all 
sources of error 
follows : 


100-ns (15-m) rang- 
ing group delay 
stability over 12-h 
pass 

(1) High frequency 

noise 5-0 rms 

(2) Instability in 
range modulation 
group delay 

2.0 m/12 h 



( 3 ) Uncertainty in know- 
ledge of frequency 
for 2400 s round 
trip light time 

3.6 m 

V/ 


(4) Station calibration 
error 2,5 u 



(5) Time of measurement 
error 1.0m 

. S- and X-band 
accuracy 
(Orb iter or 
Lander and 
Network) (il) 

300-ns (45-m) know- 
ledge of range 
group delay sta- 
bility over a 
90-day period 

Network contribution to 
overall ranging accu- 
racy given in Item 2 
for S-band 


300-ns (45-m) range 
group delay stabil- 
ity over a 1-day 
period 

Network contribution to 
X-band ranging estimated 
same as for S-band 

— ? 

'Classification of 

(i, ii, in). 

data accuracy requirement 

s given thus : - 


REPRODUCIBILITY OP THE 
ORIGINAL PAGE IS POOR 
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Table 1+ (contd) 


Item 


Viking requirements Network capabilities 
(3c) (3a) 


4. Differenced 
Range Versus 
Integrated 
Doppler accu- 
racy (Network 
only) (I) 


30-ns (4.5-m) dif- 
ference between 
S-band doppler and 
range group delay/ 
12-h pass 

40-ns (6.0-m) dif- 
ference between 
S-band doppler and 
range group delay/ 
15 -min integration 
time 


4.5 m/12h (30 ns/12 h) 


For 15-min time between 
independent range 
samples, range error to 
be 6 m (40 ns) only if 
ratio P r /N 0 is +2 dB or 
greater; doppler error 
over this period assumed 
negligible 


5» S— and X— band Difference between Network design goal for 

differential S- and X-band differential S- and 

accuracy doppler phase X-band doppler phase 

requirements delays over 12-h delay 6.0 m over 12 h 

(Network) ( II ) pass: 1.62 m (Net- 

work 0.6 m, Orb iter 
1.5 m) 


6. Doppler cycle 
slip (I, II) 


Difference between 
S- and X-band rang- 
ing group delay over 
12-h pass : 4.2m 

(Network 3.0 m, 
Orbiter 3.0 m) 

Not more than a 
10-cycle slip over 
one 12-h pass for 
navigation data 


Network design goal for 
differential S- and 
X-band range group 
delay 3.0 m over 12 h 


S-band cycle slipping 
due to Network 
receivers alone will be 
less than 30 cycles 
over one 12-h pass pro- 
vided RF carrier level- 
remains 10 dB or more 
above receiver 
threshold 
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Table 4 (contd) 


Item 


Viking requirements 
(3a) 


Network capabilities 
(3a) 


6. Doppler cycle Not more than a 
slip (I, II ) 1-cycle slip over 

(contd) one 12— h pass for 

radio science data 


7- Station For each Station 

location supporting Viking, 

errors (i) maximum station 

location error with 
respect to mean 
pole, equator, and 
prime meridian 
(1903.3) to not 
exceed following 
' values : 

(1) Distance 
from pole 

1.8 m 

(2) Longitude 6.0 m 

(3) Distance from 
equator 45.0 m 


Represents design goal 
related to future capa- 
bility and can be com- 
mitted to Viking 
support on best— efforts 
basis only 


For each Station 
supporting Viking, 
station location 
errors are function of 
following error sources 
in addition to Station 
ob s e r vabl e s r ange , 
doppler, and Differenced 
Range Versus Integrated 
Doppler normally pro- 
vided to Project: 

(1) Station locations 

(2) Tropospheric effects 

(3) Universal time 

(4) Pole locations 

As part of Its track- 
ing data collection 
function, the Network 
will also provide these 
data to Project with 
following accuracy : . 

Station locations . . . 
% = °-6,a x = 2.0, a z = 

15ir? : ./ 


This represents capability of Goldstone stations; it is assumed that 
an equivalent capability can be realized for overseas stations based 
on current Network implementation plans and postflight analysis of 
Mariner Mars 1971 orbit phase. tracking data; data will be provided 
prior to launch and updated as necessary. 
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Table 4 (contd) 


Item 

Viking requirements 
(3a) 

Network capabilities 
(3a) 

8. Differenced 
Range Versus 
Integrated 
Doppler 
acquisition 
time (i) 

15 min from receipt 
of two-way doppler 

15-min intervals 
throughout Dif- 
ferenced Range 
Versus Integrated 
Doppler pass 

Differenced Range Versus 
Integrated Doppler data 
became available at com- 
pletion of first ranging 
component acquisition 

Differenced Range 
Versus Integrated 
Doppler sampling 
interval of 15 min 
provided consistent 
with Pp/Ng = +2 dB 
or greater (item 4) 

9 . Ranging 

acquisition 
time (I, II) 

10 min for single 
uplink 

Acquisition time 
depends on ranging 
signal-to -noise con- 
ditions in both 
uplink and downlink 0 

10 . Timing ( I ) 

Network master 
clock to U.S. Naval 
Observatory not 
greater than 1 ms 

60 ys at all stations 


Inter station time 
sync not greater 
than 150 ys in 
cruise and 60 rs 
in orbital phase 

60 ys throughout the 
mission at all stations 

11 . Polar 
motion 
data 

Data of sufficient 
accuracy to permit 
instantaneous pole 
to be determined 
relative to mean 
pole of 1903.0 to. 
following accuracy 
3o x = 2.1 m 
3a y = 2.1 m 

Provide International 
Bureau of Time data on . ' . ■ 
daily or weekly basis 
from which polar motion 
derived by Project; 
data provided on 
punched cards suitable 
for computer 110 8 input 

c Conditions under 'Which Class I requirement could be met for a single 
uplink with Network operational planetary ranging system discrete 
" vv:? spectrum for a probability of ranging error P g = 5 % were detailed 
in the Jet Propulsion Laboratory internal document . 
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Table 4 ( contd) 


Viking requirements 
(3a) 


Network capabilities 
(3a) 


12. Earth 
rotation 
data 


Data of sufficient 
accuracy to permit 
difference between 
Atomic Time 1 (AT l) 
and Universal Time 
l(UT l) be determined 
by the following 
accuracy : 


Provide International 
Bureau of Time data on 
daily or weekly basis 
from which UT 1 may be 
derived by Project; data 
provided on punched cards 
suitable for 1108 com- 
puter input 


13. Tropospheric 
model 


l4. Differenced 
Range Versus 
Integrated 
Doppler 
Data 


"A AT 1 - UT 1) " 

12 ms 

Parameters of suf- 
ficient accuracy to 
reduce residual 
error (A r ) to 
following: 

3a ^ ^ = 3.0 meters 
r at degrees 
evaluation 


Of sufficient accur- 
acy to reduce resi- 
dent error (after 
calibrating for 
troposphere) to 
following : 

3a u p ) = 5 -° m ; i 

(This error includes 
Network errors 
reported in Item 4 
plus contributions 
from Viking Orbit er 
of 45 ns (3m)) 


Data taken continuously 
during mission in local 
area of each complex 
with following accuracy: 

Pressure ±2.5 mbar 

Temperature ±0,1°C 

Relative 
humidity ±5% 

Refer to allocation of 
Network error contribu- 
tions given in Item k 
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Following the first landing sequence, each 64-meter Deep Space Station 
was . required to receive simultaneously three spacecraft, i.e., two 
Orbiters and one Lander, each transmitting one engineering and one 
science data stream. 

During critical or high-activity periods of previous missions , 
the requirements for hardware failure backup were met at the Deep 
Space Stations by scheduling a second station in parallel and/or 
the use of complete parallel strings of equipment readied in a standby 
state. . The Viking mission, however, had unique requirements in that 
the critical high— activity periods would extend for up to five months 
continuously . During this period support would be required continuously 
without the benefit of backup stations or backup strings, at each 64-meter 
antenna Station. 

During the planetary operations phase, all four spacecraft (two 
Orbiters and two Landers) would be within the beamwidth of a single 
antenna. The 64— meter subnet would be required to track up to three 
spacecraft (two Orbiters and one Lander) simultaneously and to provide 
one command uplink and process six telemetry subcarriers. As prac- 
tically all of the Station equipment would be in use during three 
spacecraft operations, the configurations were designed to include 
new extensive "cross-switching” capabilities. These greatly increased 
the flexibility over current configurations and provided optimum use of 
the equipment for data processing in the case of an equipment failure. 
Also, the conjoint 26-meter antenna stations would provide uplink and 
backup telemetry hardware, accessible from their conjoint 64-meter 
antenna stations. Using a microwave link, Goldstone Stations 11 and 
14 had the same capability. 

The 64-meter station Viking telemetry configurations also were 
required to be capable of processing the types of data shown in 
Tables 5 and 6 from two Orbiters and one Lander simultaneously. The 
Station l4 Viking hardware capabilities are shown in Fig. 14 . 

Figure 15 presents the Orbit er /Lander/ Orb iter standard configuration. 
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Table 5. Viking Orbiter telemetry channels 


Telemetry 

channel 

Designator 

Description 

Bit rate 

Subcarrier 

frequency, 

kHz 

Low 

B 

Uncoded 

engineering 

data 

8-1/3 or 33-1/3 
bits/s 

24.0 

High 

C 

Coded (32, 
6) science 
data 

1,2, 4, 8, or 
1 6 kbits/ s 

240.0 


A 

Uncoded 

science 

data 

1,2, or 4 
kbits/ s 

240 . 0 


Table 6. 

Viking Lander telemetry channels 
(for S-band direct link) 


Telemetry 

channel 

Designator 

Description 

Bit rate 

Sub carrier 
frequency, 
kHz 

LOW i;'. 

B 

Uncoded 

engineering 

data 

8-1/3 Lit s/s 

12.0 

High 7:1 

A 

Coded (32, 
6) science 
data 

25 O, 500 , and 
1000 bits/s 

72.0 
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Fig.. 15 . Standard planetary configuration, Orbi ter /Lander Orbit er 
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III. TRACKING AND DATA ACQUISITION SYSTEM 


A. INSTITUTIONAL 

To support the Viking mission to Mars, the Tracking and Data 
System requires the capability of acquiring telemetry data simulta- 
neously from two Viking Orhiters and one Viking Lander (including 
one high rate data stream and one low rate data stream from each 
vehicle) while commanding and tracking any two of the vehicles. This 
function is carried out by an operationally unified set of command, 
tracking, and data acquisition resources composed of a selected 
collection of Earth-based equipment, software, personnel, and 
procedures. 

The required Tracking and Data Acquisition resources are pro- 
vided by organisations -under the Department of Defense, Goddard Space 
Elight Center, Kennedy Space Center, Jet Propulsion Laboratory, and 
referred to collectively as the Tracking and Data System Support 
Agencies. Although these support agencies- are not under the direct 
control of the System Manager, they are responsive to his needs 
through a system of communication, coordination, and documentation. 

For convenience in planning and management -of the resources 
involved, the support for flight projects is considered in two phases; 
namely, the near -Earth phase and the deep space phase. 

'The near-Earth phase begins at lift-off and continues until 
two-way acquisition of the spacecraft by the first station of the 
Network immediately following spacecraft separation from the launch 
vehicle . 

The deep space phase begins at this point and continues through 
the end of mission. 

The Viking Project requirements and Network support are formally 
specified in two National Aeronautics and Space Administration doc- 
uments, the Support Instrumentation Requirements Document and the 
National Aeronautics and Space Administration Support Plan. The 
Support Instrumentation Requirements Document is prepared by the 
Viking Project Office and the National Aeronautics and Space Administra- 
tion Support Plan is prepared by the Deep Space Network with review and 
approval in the National Aeronautics and Space Administration Office of 
Space Science and the Office of Tracking and Data Acquisition respec- 
tively. For the Viking 1975 mission, the Support Instrumentation 
Requirements Document (RD-3713008, initial issue July 1, 1971, Revisions 
A — C, September 17 - November 30, 1973, Revision D, April 26, 197^, 
Revision E, May 31, 197^ , Revision F, October 25, 197^-, Revision G, 

April 4, 1975, and Revision H, May 13, 1975) and the National Aeronau- 
tics and Space Administration Support Document (initial issue May 1, 
1972, Revision 1, September 15, 197^, and Revision 2, July 15, 1975) . 

followed this patterh. 
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The formal statements of requirements and commitments were 
preceded by more informal and general descriptions of project plans 
and system capabilities. Requirements were generalized at the highest 
level in the Viking Project Plan, which constitutes the general 
technical/management agreement document for all project and system- 
level elements of Viking. A predecessor to this document was the 
Viking Project Specification, approved in May 1970, which levied brief 
and general requirements on all systems of the Project. 

The Network response to the Project Specification and other 
statements on the need for Tracking and Data System support by Viking 
was contained in the Tracking and Data System Estimated Capabilities 
for Viking, initially issued September 1, 1970, and revised there- 
after. This document defined the System function and organization, 
particularized the existing and anticipated support elements applicable 
to the specified Viking mission, and estimated support and performance 
capabilities . 

As the planning process proceeded, the requirements for support 
on the one hand, and the capabilities of system elements on the other, 
came to be progressively better defined, until they could be negotiated 
and formally stated. Naturally, the nature and distribution of capa- 
bilities of the Tracking and Data System institutions influenced the 
form and to some degree the character of the Viking Project's require- 
ments, though in large part these arose from the defined mission 
(summarized in Section IX) . In similar part, the requirements, antic- 
pated and expressed, for Viking support conditioned plans for the 
evolution of capability, particularly the implementation of the full 
64- meter subnetwork of Deep Space Stations and 400-kW high-power 
transmitter capability. 

The Support Instrumentation Requirements Document and the 
National Aeronautics and Space Administration Support Plan documents 
constituted the culmination of the institutional planning process, 
providing between them the negotiated agreement for Tracking and 
Data System support in the prelaunch, near-Earth, and deep-space 
phases of the Viking revision. 

The requirements and commitments expressed therein are summarized 
in the following Planning (b) section. 


B . PLANNING 

1. Pre-Project Planning 

Viking Mission planning and studies were in progress before the 
formal agreement for tracking and data acquisition support was executed 
in March 1969 between the Langley Research Center and the Jet Propulsion 
Laboratory. A year previously, planning started at Langley, while 
advance studies at the Laboratory preceded the agreement by six months. 
The System estimated capabilities were published December 1, 1968, three 
months ahead of agreement execution. 
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, ,, De f pite the later schedule and organizational changes Pro lent 

the anJ B » W ° rk r ePl “ nl ” g StUdieS P r ^idea a good approxiltiofof 
• 4.5 al support requirements and planning. This was esoeciallv 

in the Estimated Gapahilities document. The extreme Viking demands 
stemmed from the duration of the critical operations peSol, de“ity 
coverage, and the number of spacecraft to be tracked and com- 
“ ^S ently “? si -^aneousl y . The nature of the Salon 
ailed navigation-accuracy requirements. Telemetry data require- 

ments were significantly greater than those of ongoing planetarv oro 

tTnl 3 ' a reSult of raore complexity because of the number of 

spacecraft involved _ simultaneously, and because the primary mission 
objective was conceived to be more critical. Command requirements 
were critical, especially during planetary operations. Interesting 

Se surfer 16 f eSented the h^ssity of operating the Lander on 

he surface under severe geometrical constraints posed by a rapidly 

rotating planet. Viking planning was soon predicted on the then 
future availability an advanced (64-meter) antenna subnetwork to 
supplement the two e. isting 26-meter antenna subnetworks. 


. Prior to the formal authorization of the Viking 73 Proiect the 
inform^ Tracking and Data System support planning consisted of’ 
nformal data describing anticipated mission requirements, the current 
apabilities of the Deep Space Network and the existing near -Earth 
suppor capabilities together with the development potential of the 

the^Network WSl1 ^ considerations future mission loading on 


, . The mission loading study, documented some months later in the 
light ox defined support requirements (Ref. l), showed in the expecta- 
tion of considerable mission activity requiring Network support in the 
iking mission period. However, estimation was that Viking require- 
ments aS understood could generally be met. Completion of the 64-meter 
subnet in time to support Viking was clearly required, as were develop- 
ment and growth m all Network data systems. In addition to the 
Viking missions considered. Network loading studies included the 

5r«id n ?i \ nt ^ Pl fr neta 5£ Pioneers > tha Jupiter Pioneers (P and G, later 
and 11), the Venus/Mercury 1973 swingby (later Mariner 10), the 

Helios . solarprobe missions, and Mariner Mars 1971. A number of 
potential planetary missions also were considered. 


2. Planning the 1973 Mission 

Following formal approval of the Project, in February 1969 
System. planning continued without hiatus. Assumptions were not 
essentieiiy ch^ged by the formal start of Project work, the execution 
ol the management agreement covering Viking Tracking and Data System 
support , and the buildup of Project management and contracting that 
ensured. A preliminary Master Working Schedule for Viking support 
planning and implementation was completed in May. Completion of the 
64-meter. subnet was. carried forward with the selection of a prime con- 
tractor m July; this effort had been scheduled to be compatible with 
Viking 1973 support requirements. 
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Detailed analysis of launch-phase characteristics showed the 
need for a thorough study of near-Earth requirements, with improvements 
in downrange coverage. This effort was undertaken in late 1 969 . 

It was foreseen that planetary operations would require Doth 
Viking Orbiters to operate simultaneously with one Lander at a time 
requiring the support of three Viking spacecraft at Mars at the same 
time . Additional complications in planning deep— space support were 
caused by the complexity of Viking responsibilities with Project at 
the Langley Research Center , the Deep Space Network and Orbiter at the 
Jet Propulsion Laboratory, and Lander at Martin Marietta Corporation. 

To meet the challenge of these complex Institutional interfaces, the 
Viking Project office established a Viking Management Council. The 
Council was expected to provide a top level forum for the resolution of 
interagency problems that, might otherwise inhibit working relation- 
ships at the technical level. 

A Network Capabilities Planning Team was organized at Jet 
Propulsion Laboratory in November 1 969 to plan and study Viking Track- 
ing and Data System support capabilities and requirements in the light 
of project long-range capabilities and plans of the Network. A Network 
readiness date of January 1 , 1973, was targeted as a Viking Project 
requirement. However, two months later the schedule basis of this 
planning effort was shifted by the change in Viking launch plans . 

The planning activities during this period were reported in 
Refs. 1, 2, and 3. 


3. Planning the 1975 Mission 

While the Project was developing a new mission plan resulting 
from the rescheduling of the launch to 1975 , the Network used the 
opportunity to prepare a general" Interface Design Handbook and identify 
the Viking interfaces. The Project Office issued the Viking ’75 
Project Specification in May, and the choice of flight trajectories 
was made in July. In addition, the study of launch-phase coverage 
problems was continued and updated to accommodate conditions of the 
1975 launch period; this effort was completed in September. 

Meanwhile, construction work continued in Spain and Australia on 
the 64-meter antenna tracking stations. These were to be conjoined 
with the 26 -meter antennas using common control and communications 
facilities, for economy and flexibility. 

Estimated capabilities and the interface designs were updated 
to take into account the new requirements of the 1975 mission, and 
released in the Fall of 1970. By this time, it had been recognized 
that the Viking 1975 flight geometries, in conjunction with practical 
Network capabilities and Viking requirements, posed real constraints 
on some aspects of support . The angular separation during cruise of 
the two Viking spacecraft precluded dual tracking with a single 
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64-meter antenna until a few days before Mars arrival of the second 
spacecraft. The extreme range at Mars arrival (300 million km) and 
its increase (to 400 million km) imposed limits on telemetry rates, 
while the proximity of solar conjunction to Mars operations constrained 
Viking planetary operations by affecting communications signal param- 
eters beginning in October 1976. 

The installation of a 400-kW transmitter was planned for 
Goldstone, while the overseas 64-meter stations were to have 100-kW 
transmitters . Studies of the capability of maintaining dual command 
links from a single 64-meter antenna at various power levels were 
undertaken. This capability would be required to allow the 64— meter 
subnet to provide separate command coverage of planetary operations 
of the first Orbiter and Lander while the second Orbiter and Lander 
were still approaching Mars. These studies eventually showed that risk 
of interference to the telemetry carrier from intermodulation products 
due to dual carriers required the use of a second subnet (26-meter) 
for simultaneous commanding of two spacecraft. 

Further, during this period, great attention was given to con- 
sideration of the metric data accuracy and the special navigation 
requirements of the mission. Project requirements for metric data 
quality were understandably stringent, and stressed Network ^ capabilities 
in this area to the limit of the state of the art at that time. 

Another area of concern during this period was the coordination 
of management and planning documentation between the Viking Project 
and the Deep Space Network. Configuration management and data manage- 
ment negotiations were successfully concluded to assure that Project 
needs would be met through the use of Network practices , and key 
interface planning tasks were assigned to a number of specialist 
Working Groups, as well as a joint Network Interface Team and the 
Capabilities Planning Team, whose operations were suspended at the 
time of the Viking schedule redirection and reinstituted in September, 
1971. Good communications were maintained by these groups through 
frequent meetings and a rigorous assignment and closeout of action 
items and documentation. These efforts are reported in Ref. 4. 

The preparation of Support Instrumentation Requirements Docu- 
ments and the National Aeronautics and Space Administration Support 
Plans began in mid-1971 -with the preparation and Project Office 
approval in July of the Support Instrumentation Requirements Document. 

A preliminary National Aeronautics and Space Administration Support 
Plan was circulated for review in October 1971. 

In July 1971, reorganization changed the configuration of the 
Tracking and Data System. At Jet Propulsion Laboratory, a new Office 
of Computing and Information Systems was established to take respon- 
sibility for the new Data System Division and for Data Pi-ocessing 
Requirements. By December, the Space Flight Operations Facility had 
been completely transferred from the Tracking and Data Acquisition 
Office to the new office. In the meantime. National Aeronautics and 
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Space Administration (NASA) separated the support and management of com- 
puting systems and data processing from the Headquarters Office of Track- 
ing and Data Acquisition. As a result of these changes, a new Viking 
Mission Control and Computing Center System was created to take 
responsibility for mission computing and data processing services. 

The task of supporting the Project with data processing and display 
facilities ceased to he a Tracking and Data System responsibility. 

A revised Support Plan was prepared by the Network and approved 
at Jet Propulsion Laboratory in May and by the NASA Headquarters in 
June 1972 . 

The Compatibility Test Area 21 was ready to support Viking in July 
1972 although compatibility testing did not begin until January 1973. 

The 64-meter antennas at Station 43 in Australia were accepted from 
the contractor in July 1973 and the 64-meter antenna in Spain, Sta- 
tion ' 63 , was accepted in January 1974. 

By Febrauary 1973, tests of the dual-command-carrier mode had 
been completed at Goldstone, and this mode was dropped from the 
support plans because of the insoluble problem of intermodulation 
interference. As a consequence, three subnets were committed to the 
mission phase in which an Orbiter and a Lander at the planet and 
another Orbiter-Lander approaching the planet have to be given com- 
mand coverage. At this time, the first Orbiter-Tracking and Data 
System compatibility testing was underway. In November, the first 
new Viking- support hardware, the Block IV receiver/exciter , was 
installed at Station 14 at Goldstone. The implementation of Viking 
Tracking and Data System configuration was in progress. 

During the same period, the final plans for implementation, 
testing, and operations were completed and released. The Support 
Instrumentation Eequirements Document was updated (reflecting the 
new System configuration) and the Network-Control Center interface 
requirements defined and published. Thus with the beginning of the 
implementation phase of Tracking and Data System for Viking, the 
planning phase had been completed. Although key planning documents 
and schedules would continue to be revised in a minor way to account 
for implementation evolutions and interactions. Tracking and Data 
System support for the Viking 1975 mission was understood, integrated, 
and documented. 


C. REQUIREMENTS FOR TRACKING AND DATA SYSTEM SUPPORT 

1. Near-Earth Phase 

The near-Earth support facilities consisted of resources of the 
Kennedy Space Center, Air Force Eastern Test Range , Goddard Space Flight 
Center's Spaceflight Tracking and Data Network, Deep Space Network, 
and NASA Communications Network. 
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The purpose was to acquire, record, retransmit, display and 
process data specified in the Viking '75 Support Instrumentation 
Requirements Document in accordance with the Viking '75 NASA Support Plan for 
the Near-Earth Phase of the mission. This phase includes certain perlaunch 
testing, launch operations, and flight until initial two-way acquisition of 
the spacecraft hy the Deep Space Network. 


The real-time retransmission of metric tracking data was to he 
used for determining orbital parameters, computing acquisition data 
for the more remote tracking sites (including selected Deep Space 
Network sites), and establishing early indications of the Mars 
encounter accuracy of the spacecraft and the separated Centaur stage. 

The real-time retransmission and display of space vehicle telemetry 
data, together with the metric tracking data mentioned above, were 
used to: 

(1) Determine the instantaneous status of the launch vehicle. 

(2) Establish as quickly as possible the normalcy of the 
mission. 

(3) Aid in project decisions concerning nonstandard events. 

(4) Aid the near-Earth support stations in acquiring the 
launch vehicle, spacecraft, or both. 

(5) Enable early postlaunch analysis. 

The near-Earth tracking system was called upon to support all the 
mandatory requirements requested for the Viking mission for at least 
a 50-minute window per day and for most days at least a 60-minute 
window. However, support for some of the "required' or desired 
requirements could not be provided by the near-Earth support because 
resources were not available or the signal level was marginal during 
that interval. After start of Centaur reorientation to the blow down 
vector, the signal strength of both the radar and launch vehicle 
telemetry links was expected to decrease. The spacecraft telemetry 
link at (2295.0 MHz) was not committed between launch and spacecraft, 
separation, because a 40-dB absorber inserted in front of the low gain 
antenna to protect the spacecraft receiver, permitted only leakage 
radiation to be available for tracking purposes. 

A s umm ary of the near-Earth support system requirements that 
could not be provided is given in Fig. 1 6. 

2. Deep Space Phase 

The Deep Space Network supporting facilities for Viking consisted 
of one 64— meter subnet, two 26— meter subnets, the prelaunch 


46 



METRIC COVERAGE 


LAUNCH VEHICLE TELEMETRY 


SPACECRAFT TELEMETRY 


Fig. 


M MANDATORY 
R REQUIRED 
D DESIRED 



Yr REQUIRED SUPPORT THAT MAY NOT BE MET + DESIRED SUPPORT THAT MAY NOT BE MET 

1 6 . Summary of near-Earth support requirements that could not he provided 


ID 

So 

u h- 

z£ 


UJ 

z . 

0 | 

zy 


z . 


zo zo 


<< 4 ^ 4 


3 <3 

u Su 


o.o. 

Z o Z O 

uJ-Z mZ 

7 »- 2 " f— 
f:o: 

<< < < 


zo 


Z 

o 


dZ 
< 22 
t= DC 

Zq 

LU 

U £ 


z 

O' 

£ 


§0 
-i. Q 
< > 
h— 

Zo 

UJ n 
2§ 

zo 

12 

U “ 

uj ea 


' TO A ‘£8 L~£Z 



33-783, Vol. I 


Compatibility Test Area 21 at Jet Propulsion Laboratory, and the 
launch monitor station at Merritt Island. Ground communications 
■were by voice, teletype, high speed data, and wideband data transmis- 
sion circuits. Network control, monitoring, and data system validation 
were provided by the Network Operations Control Center at Jet Propul- 
sion Laboratory. In addition, the Control Center was responsible for 
producing Intermediate Data Records for telemetry, tracking predicts, 
seven-day schedules, and sequences of events for the Deep Space 
Network. 


Stations 11, 12 (Goldstone), 42, 44 (Australia), 6l, and 62 
(Spain) were configured as the primary stations for cruise support 
until limiting signal conditions required transfer to the 64-meter 
subnet. The primary stations for Mars operations support were 
Stations 11, l4 (Goldstone), 42/43 (Australia), and 6l/63 (Spain) . 
However, if telemetry communications requirements exceeded the capa- 
bility of the 26 -meter subnet shortly after launch, the 64-meter 
stations were required to provide the necessary telemetry support. 

Pull planetary ranging capability was the responsibility of Stations 11, 
14, 43, and 63 . Telemetry and command data were to be received and 
processed as required. Prelaunch compatibility test requirements were 
to be met. The gross periods of committment for the three subnets, and 
the compatibility test stations are given in Fig. 13 with the weekly 
coverage in Tables 2 and 2A. 

The Deep Space Network, Ground Communication Facility, and 
NASA Communications Network were to provide voice, high speed data, 
wideband, and teletype circuits required for the transmission of 
command, telemetry, tracking, simulation, monitor, and operations 
control data between the control centers and the stations. Communi- 
cations capability was required to correspond to the Deep Space Sta- 
tion capability to support all combinations of Viking data streams. 
However, maximum communications circuit loading under all conditions 
of combined testing/training/flight support was not to exceed eight 
high speed and two wideband data channels . Communications capability 
for simultaneous transmission from two stations during overlap cover- 
age periods was to be provided as required. Ground Communications 
Facility and NASA Communications support for the deep space phase 
was to begin approximately launch plus six hours and extend through 
end of mission (15 November 1976) as shown in Fig. 17. 

Capability was to be provided for generating Network simulation 
data, as well as accepting a simulated command-responsive telemetry 
data stream from the Project. 

The Network Operations Control Center was to provide for control 
and monitoring of Network performance. All incoming data were to be 
validated at this point while being simultaneously transferred to the 
Mission Control and Computing Center for real-time use by the Flight 
Operations System. Any missing or bad telemetry data were to be 
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th ®r D i gital Original Data Record at the tracking stations 
These data were to he time merged with the real-time telemetry data 

Recorder ^ Data Log to form a Telemetry Intermediate Data 

Q 5 rd - Thls capability was scheduled to be operational Feburary 1, 

. aapahiiity to recall and replay telemetry data from the 
° riglnal Data Record via high speed/wideband data line to the 
Mission Control Center was to be provided both before and after imple- 
°" the intermediate Data Record capability. The capability 
to recall and replay command/tracking data from the command/tracking 
Digital Original Data Record was to be provided. 

/„ Network planning assumed that elements of the 26-meter subnet 
Uable 7 ) were to be used to provide back-up capability for the 

in the event of failures from which rapid recovery at 
the affected 64-meter Deep Space Station was not otherwise feasible. 

The Project was expected to recognize these factors in its mission 
design activities, particularly during critical sequences of the 
mission. 


In response to Project requirements , the Network Implementation 
plan provided for all major hardware and software necessary to recon- 

fm SUre nt he nn etWOrk f f t0 ° n site = ’ ^1^4* 0 4 seas sites 

^ and 20 ' ’ P rior to launch. However, system testing of 

^ V! IT aad software in the Planetary configuration was not sched- 
uled to take place at the overseas sites until November /Dec ember 1975. 


3. Unsupported Requirements 

, In general, the Tracking and Data System was able to provide 
tracking and data acquisition resources to satisfy all Viking require 
ments . They had been defined on the basis of known and anticipated 
near-Earth and deep space capabilities and facilities, and on the 
feasibility of such commitments. 

There. were, however, three other factors that influenced the 
System's ability to satisfy all its commitments to the Project: 
unforeseen changes in support provided by other agencies outside the 
jurisdiction of National Aeronautics and Space Administration, uncer- 
tanties of advanced development technology, and the needs of other 
missions . 


During the near-Earth support planning phase, the station at 
Carnarvon was decommissioned and the station at Tananarive was closed. 
This forced greater reliance on Advanced Range Instrumented Aircraft 
and the instrumented ship Vangard to fill gaps and extend coverage. 
However, the changes resulted in no compromise to near-Earth support 
of the Mission. 

. It had been anticipated early that dual command carriers could 
be maintained from a single 64-meter station, using the high-power 
transmitters then being planned. This strategy permitted the require- 
ment of constant readiness to command two spacecraft to be met, using 
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Fig. 20. Deep Space Stations 6l and 6 3 (bottom), and 62 (top) near 
Madrid, Spain 
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initial 
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California 
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11 
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12 
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l4 
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42 
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43 
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- 
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44 

26(85) 
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62 

26 ( 85 ) 
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63 

64(210) 

Az-El 
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the 64-meter subnet for the case in which the two spacecraft were close 
enough to be illuminated by one antenna (as when both are at or near 
Mars). However, extended development work and testing uncovered some 
difficulties, both with the high transmitter powers planned and with 
intermodulation products induced on the surface of the antenna under 
dual carrier conditions. It was, therefore, decided to install 
100-kW transmitters at the overseas 64-meter sites, with an experimen- 
ts.;! 400-kW transmitter at the Goldstone site, and to regard dual- 
carrier commanding only as a mission enhancement option. This led 
directly to a requirement for two stations to provide two simultaneous 
uplinks. A third station was required to support the second space- 
craft prior to its arrival at the planet . 

Concurrent deep space missions included the interplanetary 
Pioneers (6 — 9 ), post-Jupiter operations of the Jupiter Pioneers 
(10 and 11), and Helios (A and B). The Helios B launch, January 
1976, and near-Solar operations three months later appeared to be 
the only critical operations of other Projects that were contemporary 
with Yiking flight operations. Angular separation generally afforded 
relief from many potential conflicts between Viking and other Missions 
supported by the Network, while schedule separation relieved launch- 
support conflicts. Numerous differences between requirements stated 
in the Support Instrumentation Requirements Document and commitments 
given in the NASA Support Plan remained for subsequent negotiation and 
resolution in the iterative process. Ultimate convergence was reached 
only in the course of operations. 

D . MANAGEMENT 

1. Schedules 

The approach to schedule management for the Viking reconfigura- 
tion activities in the Network was based on a family of schedules 
starting with the Tracking and Data System Level 3 and proceeding 
down through Levels 4 and 5 to individual Station implementation and 
test periods. 

At Level 3, only major milestones representing Tracking and 
Data System interaction with other systems oi the Viking Project were 
identified. This schedule also included activities for the prepara- 
tion of near-Earth- support . The Level 3 schedule was updated monthly 
and published by the Viking Project Office, along with similar sched- 
ules for the other systems of the Project in Viking Project Working 
Schedules and Reports . A typical page from this document is shown 
in Fig. 21. 
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Fig. 21. Extract from Tracking and Data System Schedule, Level 3, far November 197^ 


33-783, Vol . 
























33-783, Vol. I 


The next set of schedules shows activity necessary at each 
Station to meet the key milestones in Level 3. This, too, was 
updated monthly, in accordance with progress at each Station and 
reported in the Viking Project Office for publication in the same docu- 
ment as the Level 3 schedules. A typical sheet for Stations 11 and l4 
for November 197** is shown in Fig. 22. 

At this point, it became necessary to identify implementation 
and test activity at the Station subsystem level. For this purpose, 
a series of Level 5 schedules was developed. At Level 5, ike required 
readiness dates for all Station subsystems were shown together with 
the ensuing testing and training activities. 

As in all the other schedules, the key dates needed to meet the 
committed Viking Project readiness dates were carried forward. These 
schedules were internal Network documents and were distributed to the 
Project for information and to the stations and the implementation, test, 
and operations organizations as a basis for their own subtier planning. 

The published document was called the Viking Implementation 
Schedule and a typical page for Station l4, November 1974 is shown in 
Fig. 23. This document was updated monthly from the data provided by 
the Deep Space Network Implementation Schedule. 

However, potentially serious difficulties faced Network manage- 
ment by November 1974. These were created by overload of contribut- 
ing organizations, preoccupation with preceding in-flight project 
problems and demands, and the number of different organizational 
boundaries involved. Overall magnitude of the task compounded the 
problems . 


2. Engineering Change 

In October 1974, Station l4 (Goldstone) was out of service for 
approximately one month to reconfigure for the approaching Helios A 
launch. Pioneer 11 Jupiter encounter, and to include a substantial 
number of the engineering changes necessary to meet the Viking con- 
figuration published in Ref. 5 • 

At the conclusion of this work, it was intended to start Viking 
System Performance Testing in accordance with the foregoing schedules 
and plans. After several futile attempts to accomplish this work it 
became apparent that there was an urgent need for better visibility 
and control of the multitude of Engineering Change Orders needed to 
supplement the implementation of the subsystems before full system 
performance testing could begin. 

Further investigation soon revealed that the Engineering Change 
Orders needed for the other stations in the Network were not clearly 
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Fig. 22. Extract from Tracking and Data System Schedule, Level h , for November 197*+ 
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Fig, 23- Extract from Goldstone Station 14 Milestone Schedule for November 1974 
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understood, and in many cases, were not scheduled properly to mesh 
with the subsystem need dates reflected in the Level 5 schedules. 
This implied a serious risk to the Network's ability to meet the 
Viking need dates. 

At this point (November 1974), upper management attention 
was drawn to these potential difficulties, created to a large 
extent .by the magnitude of the job involved, overloading of con- 
tributing organizations and preoccupation with preceding in-flight 
project problems, and the number of different organizational bound- 
aries involved. A prompt response resulted in the establishment of 
a three-man task team charged to: 

(1) Identify all the engineering changes involved.. 

(2) Select those essential to the Viking configuration. 

(3) Classify the essential changes according to categories 
of readiness. 

(4) Take all action necessary to expedite any of these 
latter changes that might delay the readiness dates. 

(5) Establish a frequent ana regular reporting and manage- 
ment system at the change order number level. 

The way in which the team was to work is shown in Fig. 24. 

The Telecommunications Division was to compile the list of 
essential engineering changes to permit the Station directors to 
estimate subsystem readiness dates. Combined with data for the 
Mission Configuration Tests and the Operational Verification Tests, 
management could determine whether the Viking need dates could be 
met . 

Where these dates could not be met, it became necessary to 
further reduce the test time (Organization 420), expedite the 
engineering changes (Telecommunications Division), or renegotiate 
the Project need dates with the Viking Project Office. As this 
work proceeded, all three approaches became necessary. The outcome 
of several iterations of this process had resulted in the Network 
readiness summary shorn in Table 8. 

Further iterations were in progress to improve the schedule 
deviations to allow for contingencies that may arise in progress. 
Plans were made for a computer-based change status reporting system 
using the following data sources as input: 

(l) Data from the Engineering Division regarding engineering 
change kit deliveries to the cognizant operations 
engineers . 
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Table 8. Network readiness summary 


Station 

Readiness 

category 3 

Start 

date 

Total 

hours 

Ready 

date 

Project 

need 

date 

Schedule 
deviation 
(Weeks from 
12/3/71) 

It 

A/B 

11/15/7** 

199 

2/21/75 

2/10/75 

- 2 b 


C 

11/15/71 

92 

2/15/75 

6/9/75 

+ 11 


F 

2/1/75 

615 

10/15/75 

11/3/75 

+ 2 

2*3 . 

c 

2/1/75 

237 

1/1/75 

1/7/75 

+ 1 


. D =. 

1/1/75 

198 

7/1/75 

8/1/75 

+ 1 


F 

12/1/7- 

775 

11/5/75 

1/5/76 

+ 8 


C 

2/1/75 

237 

1/1/75 

1/28/75 

+ 1 


D 

1/1/75 

198 

7/1/75 

8/1/75 

+ 4 


F 

1/15/75 

775 

10/1/75 

1/5/76 

+ 12 

11 

A/B/C/F 

1/15/75 

167 

2/21/75 

2/21/75 

0 

Us? • 

C/F 

2/1/75 

177 

3/7/75 

1/7/75 

+ 1 

6i 

C/F 

2/1/75 

177 

3/7/75 

1/28/75 

+ 7 


^Categories of. readiness: 

A Support planetary verification tests (telemetry and command) 

B Support planetary verification tests {tracking and monitoring) 

C Support launch phase system integration tests 
D Block XV receiver committed at stations 1 3 and b3 
F Support planetary phase system integration tests 

' ^Heady date exceeds need date, 

NOTES: : 

Maximum mission configuration test rate is 10 hours per test, 2 tests per week. 

Maximum operational verification test rate is 6 hours per test, 2 tests per week for two weeks, prior to 
need date. Remaining Operational Verification Tests are in parallel with system integration tests. 

/tat i >n hours for engineering Change Orders that are not subject to Mission Configuration Tests or 
•pe rational Verification Tests are not included in these estimates. 
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Fig. 24. Engineering change planning for Viking 

(2) Data from the cognizant operations engineers regarding 
shipping and delivery of the modification kits to the 
stations . 

(3) Data from the station directors regarding implementation 
at the stations . 

It was planned to have this status reporting system in operation 
by mid- January 1975 • 

It soon became apparent that with the large number of engineering 
changes involved in implementing the Viking configuration (approx- 
imately 400 ) , the number of stations involved (nine,. plus Compatibility 
Test Area 21 and the Merritt Island Station), and the number of steps 
required to complete each Engineering Change Order ( about 12 ) , that a 
large computer based system would be required to properly manage the 
entire process, to track the status of each order, and to provide the 
detailed status reporting required by the Viking Project. 
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A monumental software programming task was undertaken by 
members of the Tracking and Data Acquisition office in December 1974 
and January 1975* The result was the formal presentation of an 
Integrated Implementation and Test Schedule to the Viking Project at 
a Status Review on January 27, 1975. This document contained all the 
milestones for each Engineering Change Order for all the stations, 
including Merritt Island and the Network Operations Control Center, 
from the time of issue through completion of the Planetary Configura- 
tion in February 1978. It was to be published monthly and updated by 
terminal inputs to the Univac 1108 computer files as each cognizant 
engineer completed the change order milestone for which he was 
responsible. The Network Control Center inputs were rather neglected 
because, being a new implementation project, it was not at this time 
controlled or managed by the engineering change management process. 
This deficiency subsequently proved to be a costly and embarassing 
oversight . The document , which came to be colloquially referred to 
as the "Dobiesked," continued to be issued regularly until August 
1975. Then, having served its purpose, it was discontinued in favor 
of the Engineering Change Request Status Reporting System. 

This Status Reporting System, which was used to complete the 
planetary configuration for Viking, came into extensive use after the 
Viking launches and therefore is detailed in Volume II of this series. 


3 . Do cument at ion 

A basic premise of the Viking Project management approach was 
that the difficulties introduced by the multiplicity of institutions 
and organizations • — government, industry, and academic — and their 
dispersion throughout the entire country would be ameliorated to a 
large extent by a detailed, comprehensive and well organized documenta- 
tion and reporting system. This approach became evident at the out- 
set of the functioning of the Project and the basis for the final 
documentation system that had been established by the end of 1968. 

Over the following years , the original documentation tree under- 
went many alterations. These came partly as a result of experience 
and improved understanding of the management problems to be dealt with, 
partly as a result of changes in the structure of the Project itself, 
and fin all y, because of changes in the personnel and 'the consequent 
difference in working arrangements. 

By mid-1974, the documentation tree had reached its final form 
and the issue for January 1975 is shown in Fig. 25. 

The burden imposed on the Tracking and Data System by direct 
responsibility for many of these documents Is shown by the listing ■ 
that follows;' 
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6lk-3 Viking 75 Project Tracking and Data 

System Functional Specification 

ID3703111 Viking 75 Orbit er System, Lander System, 
and Viking Mission Control and Computing 
System to Tracking and Data System Inter- 
face Requirements Document — General 
Requirements , Volume I 

ID3703111 Viking Orb iter System to .Deep Space 
Network, Volume II 

ID3703111 Viking Lander System to Deep Space 
Network, Volume III 

ID3703111 Viking Mission Control and Computing 
Center System to Deep Space Network, 

Volume IV 

The Network participated in the preparation of many other doc- 
uments to which its concurrence was required as follows: 


RS 3703001 

Appendix A Viking 75 Mission Requirements 
of System Design 

RS 370300 

Appendix F Viking 75 Project Radio Science 
Investigation Requirements 

PL3701036 

Viking 75 Configuration Management Plan 

M75-120 

Viking 75 Working Schedules and Reports 

IR 3720151 

Viking 75 Science Objectives Requirements 
Document 

RD 3713 OO 8 

Support Instrumentations Requirements 
Document 

RD 3701050 

Viking Data Management Plan 

RD 3701028 

Project Review Plan 

RD 3712003 

Viking 75 Training Plan 

RD 3712004 

Viking launch and Flight Operations System 
Functional Specifications 

RD 3712001 

Viking 75 Launch and Flight Operations 
Integration Plan 

RD 3712001 

Viking 75 Launch and Flight Operations 
Integration Plan 


page blank not fiusj&j 


67 



33-783, Vol. I 


PL 3714002 Viking 75 Mission Data Plan 

PL 3110000 Viking 75 Master Integration Test Plan 

Summary 

Viking 75 Project Integrated Test Plan — 
Viking 75 Spacecraft VOS/LS & LF0S to 
Tracking and Data System Compatibility 
Test Plan 


M75-153 Viking 75 Spacecraft to Flight Operations 

System Compatibility Test Plan 


By the time of the Viking launches , many of the above documents 
had served their intended purpose and become inactive. Other, 
particularly the interface agreements, remained active as useful 
technical reference documents. 


Finally, the Support Instrumentation Requirements Document 
remained throughout the Project as the formal vehicle for transfer 
of new and changed requirements for support from the Project to the 
Tracking and Data System, while the National Aeronautics and Space 
Administration Support Plan remained the formal document for the 
System response. During the course of the Project, the Requirements 
Document went through 11 revisions, while the Support Plan responded 
with three revisions. 

The monthly editions of the "Working Schedules and Reports" 
continued throughout the project and became known as the "Granite 
Book." System contributions in both narrative and schedule form 
were made monthly for over seven years. 

The development of so many documents, and in addition the 
review for concurrence of so many more, together with the con- 
comitant load of approving so many changes to previously approved 
documents presented an overwhelming load on the Deep Space Network. 
This problem was never satisfactorily overcome. 

It is a legitimate question as to whether so many documents 
were really necessary to the conduct of the Project. There were 
many instances where documents were offered up to the Network for 
concurrence that contained little and in some cases no involvement 
by the Network. At the other end of the scale, it is noteworthy 
that of all the interfaces between the Network, Orbiters, Landers, 
Mission Control Center, and Flight Operations System only one error 
was identified. Fortunately this error wa.s compensated for by a 
change to the Mission Control Center software with no impact to 
ongoing flight operations . 
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U. Working Relationships 

During the years preceding the 1975 launches, the planning, 
coordination, and scheduling activity of the entire project was car- 
ried out hy means of an extensive array of working groups, design 
teams, and review panels. Because of the large number of these 
suborganizations , their geographical and institutional separations and 
interrelations between them, the creation and subsequent activity of 
all the groups was rigidly controlled and monitored by the Viking 
Project Office at Langley Research Center. 

Both the Deep Space and near-Earth elements of the Tracking 
and Data System became heavily involved in supporting the various 
kinds of activity of these working groups. 


a- Near-Earth Support. The near-Earth support accomplished 
most of the necessary coordination and interface work within three 
major working groups. One of these working groups was the Near- 
Earth Analysis Subgroup, which was chaired by the Lewis Research 
Center and was part of the Project Mission Analysis Design Group. All 
near-Earth inputs to the early Project Mission Design effort were sub- 
mitted as recommendations via this group. 

Another working group regularly supported by the near-Earth 
support system was the Performance Trajectory and Guidance Working 
Group for Viking chaired by the Lewis Research Center. All near- 
Earth system inputs to the launch vehicle trajectory design were sub- 
mitted via these meetings. Also, the necessary trajectory informa- 
tion needed by the near-Earth support system was requested and coor- 
dinated at these meetings. 

Chaired by Jet Propulsion Laboratory personnel at Cape Canaveral Air 
Force Station and Eastern Test Range, the near-Earth Working Group was sup- 
ported oy all elements of the near-Earth system, Lewis Research Center, and 
Langley Research Center. These meetings were primarily for interagency 
Research Center. These meetings were primarily for interagency 
coordination between the elements of the Near-Earth Phase Network, to 
resolve near-Earth problems , and also to insure that preparations for 
testing and launch were accomplished in an adequate and timely manner. 


b. Deep Space Support . The Deep Space Network became 
actively involved in the following organizations : Launch and Plight 

Operations , Telecommunications , and Compatibility Test Working Groups , 
the Mission Design Team, and the Project Management Review Panel. 

The Launch and Flight Operations Working Group was formed at the 
beginning of the Project to integrate the long-range planning of the 
six Viking systems (Launch and Flight Operations, Launch Vehicle, 


69 



33-783, Vol . I 


r / , 1 ^ e f ’ Lander > Viking Mission Control and Computing, and Tracking 
and Data; , and to develop mutually compatible schedules leading to 
the completion of launch readiness preparations. Its initial findings 
were published in the Launch and Flight Operations Integration Plan 
As the mission planning progressed, the launch operations function 
was separated from this working group, which then continued through 
the end of 1975 as the Flight Operations Working Group. Its work was 
heavily concerned with the integration of the mission operations system 
software programs with the Viking Mission Control and Computing Center 
an to a lesser extent with Deep Space Network planetary implementation. 


^ elecommun ^ cations Working Group was also formed at the outset 
of the Project, and its work was directed towards the development and 
specification of radio frequency telecommunications links between the 
ground stations in the Network and the Viking Orbiter and Lander. Its 
work was published in the series of volumes titled Orbiter System 
Lander System, and Viking Mission Control and Computing System to 
Tracking and Data System Interface Requirements Document. As the 
spacecraft radio system matured, the Telecommunications Working Group 
was responsible for developing the radio frequency compatibility test 
plans and procedures and for final approval of the radio frequencv 
compatibility test results. 


The Compatibility Test Working Group was responsible for the 
development of all compatibility test planning throughout the Project 
and reflected its planning in the Master Integrated Test Plan from 
which the radio frequency compatibility tests were derived. 


The Mission Design Team carried out most of the original develop- 
ment and tradeoffs for the design of the Viking Missions, and drew on 
the Network for support in areas related to navigational capabilities 
and accuracies. 


The Project Management Review Panel was held under the chair- 
manship of the Viking Project Manager at the Viking Project Office and 
consisted of monthly progress reviews presented by each of the six 
system managers . It performed a valuable function in bringing together 
the otherwise widely separated elements of the Viking Project for 
regular reviews of progress and identification of intersystem problems. 

In general, these groups met at monthly intervals at Cleveland, 
Ohio (Lewis Research Center), Denver, Colorado (Martin Marietta Corp.), 
Pasadena California (Jet Propulsion Laboratory), Hampton, Virginia 
(Langley Research Center) , and Cape Canaveral (Air Force Kennedy Space 
Center) . Visits were rotated where possible to share the very con- 
siderable travel load. 


td • ^ were formally structured and scheduled by the Vikinv 

roject Office, and formal minutes, containing all material presented 
ana discussed, were written as approved by Viking Project Office and dis- 
trxbuted throughout the project. Action items were assigned by the chairma: 
with closeout dates, and their status also was checked out weekly bv the 
project office until completed. 
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The burden posed by this method of working, which was increased to 
a large extent by the demands of long distance travel several times per 
month, seemed intolerable on many occasions, and often appeared to be 
less than an efficient way of achieving the necessary communications 
environment. However, a better alternative was not forthcoming and most 
of the work was accomplished by mi d- 1975 . 

With both spacecraft launched, the focus of activity moved to 
Jet Propulsion Laboratory where the working relationships necessary to 
conduct the cruise mission and plan the planetary mission were much 
easier to establish. 
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PART B 

IMPLEMENTATION, TESTING, AND TRAINING 



33-783, Vol. I 
I . INTRODUCTION 


Preparation for the complex Viking mission extended over a period 
of seven years before the successful launches of the two spacecraft in 
August and September 1975 • During this period, elements of the Track- 
ing and Data System met all planning, implementation, and test support 
requirements . These included complications that resulted from the 
rescheduling Ox the 1975 launch for both spacecraft. (Viking A launch 
was postponed from August 11 to August 15 and finally to August 20, 
and Viking B launch was postponed from September 1 to September 3 to 
launch on September 9* ) 

Details of the requirements levied by the Viking Project upon the 
Tracking and Data System for support in the Near-Earth and Deep Space 
Phases are given in Part A of this document. 

The implementation, testing, and operational training required to 
provide the operational capabilities required by the Mission are 
described in this second part of the document. 




blank not 
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II. NEAR-EARTH PHASE SUPPORT 


A. CONFIGURATIONS, IMPLEMENTATION, TRAJECTORIES, CONTROL 

1. Station Configurations 

The original planning for Viking support included the Ascension 
Island Station, two Advanced Range Instrumentation Aircraft, and the 
ship Vanguard. But a conflict developed between the Apollo-Soyuz Test 
Project and Viking for the use of the Vanguard during the Viking launch 
-period. After negotiations between the Apollo-Soyuz and Viking Project 
offices, the ship was assigned to support Apollo-Soyuz with the under- 
standing that, if the Tananarive sites were not available to support 
Viking, negotiations would be reopened. 

The basic downrange station support for Viking then became 
Ascension Island, two aircraft, Jonannesburg , and Tananarive. However, 
the U.S. contract for station support at Tananarive expired on 
December 31, 1973, and negotiations for a continuation of the Tananarive 
support were lengthy, leaving the availability of the Station in doubt. 
Renegotiations for the Vanguard did not prove very fruitful for the 
Viking A mission because of the strong need for the Vanguard by the 
Apollo-Soyuz Test Project. A parallel plan for supporting Viking using 
Ascension Island Station, two aircraft, and the Johannesburg Station 
only was worked in detail in the event it would be needed. The Vanguard 
sail plan for supporting the Apollo-Soyuz Test Project, then sailing to 
the Viking Test Support Position off the southeast coast of Africa was 
33 days in duration. This allowed the Vanguard to make the nominal 
Viking B Test Support Position, but not the Viking A support position. 

The first Titan Centaur Proof Flight TC-1 -experienced a failure 
at the Second Main Engine Start and for this reason Lewis Research 
Center was much interested in the Second Main Engine Start interval for 
Viking. Lewis Research Center levied an additional requirement for dual 
aircraft coverage during this interval 

This additional requirement increased the downrange aircraft sup- 
port from two aircraft to three. 

Stations at Ascension Island, Johannesburg, and Tananarive, 
together with the three aircraft continued to be the primary near-Earth 
support conf iguration until approximately four months before launch 
when the status of Tananarive again became uncertain. At this time a 
plan was devised to release the Vanguard from Apollo-Soyuz support as 
soon as possible to support the Viking B Mission, and to support 
Mission A mandatory requirements with Ascension Island, three aircraft, 
and Johannesburg Stations only. 

The station at Carnarvon was one of the original stations planned 
for Viking support. A study was made, however, that showed that this 
station, while highly desirable, was not necessary to support the manda- 
tory Viking near-Earth requirements . This station was deactivated and 
was not available to support the Viking missions. 


76 


33-783, Vol . I 


Two other stations called up shortly before launch were Guam and 
Orroral Valley, Australia. The latter was called up to support the 
Centaur telemetry links during and after Centaur blowdown. Guam was 
called up because of a potential strike of all the Australian stations. 
In the event this occurred, a Deep Space Network Madrid station would 
become the initial Network acquisition station instead of an Australian 
station. Guam was configured to receive, record, and transmit space- 
craft engineering data via Merritt Island Station 71 in real time 
to the Flight Operations Area at Jet Propulsion Laboratory continuously 
until Madrid acquisition some five hours after launch. 

The schedule of the Air Force Eastern Test Range ship Redstone 
would not air ~w support by this resource for most of the Viking launch 
opportunity. The Air Force range was asked to investigate the possibil- 
ity of support by a Pacific Missile Range ship, the Wheeling, which 
normally supports in + he Kwajalein area. The Air Force range reported 
that a minim-urn of $20,000 in equipment would be needed to augment the 
limited real-time retransmission capability. The ship could support 
only for a limited period of time. The approximate costs would be 
$l+,000 per day with 6 5 days port-to-port time for a 10-day Viking test 
position duration. The use of the Wheeling was not pursued further. 


2. Station Implementation 

a. Telemetry System . Near-Earth support for telemetry came 
from facilities of the Kennedy Space Center, Goddard's Space Flight 
Tracking and Data Network, Air Force Eastern Test Range, and the Deep 
Space Network. The near-Earth telemetry system consisted of the Launch 
Vehicle Telemetry System and the Spacecraft Telemetry System. 

The Launch Vehicle telemetry system implementation consisted of 
receiving, processing, and displaying telemetry data from the Titan and 
Centaur. For the Launch Vehicle telemetry, there were three radio- 
frequency telemetry links: 2202. 5-MHz pulse-code modulation/frequency 
modulation; 2208.5-MHz frequency modulation/ frequency modulation; and 
22.87- 5-MHz pulse-code modulation/frequency modulation. The near-Earth 
configuration for receiving, processing, and displaying the Launch 
Vehicle telemetry is shown in Fig. 26. 

Spacecraft telemetry was received, processed, and retransmitted 
from the near-Earth stations from two radio frequency sources. While 
the spacecraft was attached to the Centaur, the spacecraft data 
(33-1/3 bps) were available within the Centaur 2202. 5-MHz pulse-code 
modulation/frequency modulation 267-kbps data stream. In addition, the 
spacecraft radiated the 2295-MHz pulse-code modulation/phase-shift 
keying/phase modulation 33-l/3~bps data stream through its own low- 
gain antenna system. The near-Earth telemetry configuration for both 
radio frequency links is shown in Fig. 27. The retransmission, of real- 
time spacecraft telemetry data was performed in the configuration shown 
in Fig. 28 . 
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The 2202.5-MHz Centaur link was selected as the primary link for 
spacecraft telemetered engineering data from launch to Centaur/ 
Spacecraft separation. This link was selected because the spacecraft 
2295 -MHz link was degraded because of a 40-db muffler of absorption 
material, which was located in front of the spacecraft lew-gain 
antenna . 


On some of the earlier near-Earth planetary missions, low bit 
rate spacecraft data were brought back to the Merritt Island Station by 
standard frequency subcarriers. This was done because of a shortage of 
data circuits to the Cape from the downrange stations and the desire 
to also bring back portions of both launch vehicle telemetry links. 

This was the original plan for the Viking missions. 

When the retransmission of the spacecraft data became a mandatory 
requirement, the retransmission of these data by Type 203 Modems was 
recommended to improve the retransmission configuration. Past expe- 
rience indicated that those units were easier to checkout and provided 
a high percentage of good data transferred to Merritt Island. So, the 
decision was to use this configuration for real-time transmission of 
the spacecraft data. To accomplish this, the transmission of selected 
parameters from the launch vehicle 2208.5~MHz link was sent back to the 
Cape shortly after the station pass instead of in near-real time. 

An update of the mandatory launch vehicle telemetry requirements 
indicated that it would be acceptable for the interval Second Main 
Engine Start -60 seconds to Second Main Engine Start +130 seconds, to 
be supported by dual aircraft as well as by a ground-based station or 
by ship-based station. Three aircraft were to provide overlapping 
coverage between Ascension and Johannesburg. The third was optimized 
to provide coverage of the launch vehicle 2202-5-MHz link from Second 
Main Engine Start -60 seconds to Second Main Engine Start +130 seconds. 
Figure 29 depicts this typical coverage planned. 

In February (1974), the Air Force Eastern Test Range advised that, 
because $F the continuing energy crisis, Range policy on deployment of 
aircraft had been modified. The aircraft burns approximately 2,442 gal- 
lons of fuel per flying hour, and the deletion of aircraft support for 
all except truly mandatory requirements would result in a significant 
reduction in the aviation fuel consumed. A requirement for back-up 
support for reliability purposes was no longer considered (by the Air 
Force Range) a valid mandatory requirement. The Range would no longer 
provide aircraft support for other than mandatory data priority classi- 
fication requirements. 

In determining the configuration of the aircraft for the real-time 
telemetry retransmission, the Range conducted tests with the aircraft 
through the LES-6 satellite. It was determined that the entire Centaur 
2202.5-MHz telemetry link could not be retransmitted in real time. 
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Therefore, it was decided that the spacecraft's 33-1. 3-bps data 
would he extracted from the Centaur link and retransmitted to Merrirt 
Island. It was initially estimated that approximately $21,300 would 
he required for equipment (demod synchronizers, digital-to-analog 
converter, filters, voltage controlled oscillator and associated 
hardware), and approximately $30,4-00 for labor to provide this aircraft 
real time retransmission and mark event readout capability. 

final configuration of the aircraft was as shown in Fig. 30. 

10 • Metric D ata System . The near-Earth metric system config- 
uration was implemented as indicated in Fig. 31. 

The Grand Turk radar did not support the Viking missions because 
it was down for Air Force range improvement modifications. This radar 
was not needed to support the metric data mandatory requirements. 

As an aid to the Navigation Team at the Jet Propulsion Laboratory, 
a new near-real time procedure for passing Centaur guidance telemetry 
was developed. This procedure was implemented to expedite an early 
iftcM.csJ'ion of abnormalcy of the Centaur second burn if it occurred. 

This was especially important to the Navigation Team plan for an 
emergency midcourse maneuver if it were needed. 

A Jet Propulsion Laboratory Centaur Guidance telemetry coordi- 
nator provided orbital element information in near— real time as indi- 
cated in Fig. 32. 

c * Station Mask Configurations . In the planning for the down- 
range support for Viking, it became apparent that the Johannesburg and 
Tananarive standard mask (4 to 4.5 degrees above the horizon) was 
limiting the usefulness of these stations in supporting Viking. There- 
fore, Goddard Space Flight Center was requested to lower these station 
masks . 

Goddard responded by having Johannesburg support Viking with its 
"launch support" mask, which is mostly 1.9 to 1.5 degrees above horizon 
and closer key hole limits. The mask for the Tananarive station was not 
lowered, and reflected some loss of near-Earth support capability on 
certain launch days. 


For planning purposes, a composite of the Ascension Spaceflight 
Tracking Data. Network station and Ascension Air Force telemetry station 
was used for overall coverage by Ascension Island because of consider- 
able differences in station masks. 

d. Communications Systems . Project communications requirements 
in the near-Earth phase were for data and voice channels adequate to 
conduct test and launch operations . 
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Fig. 32. Plan for providing Centaur guidance telemetry data to the 
Navigation Team : i: 

Ground Communications Facilities, -which are presented in the Support 
Instrumentation Requirements Document for Viking 75 , included voice nets , 
high-speed data, wideband data, and teletype. Location of terminals for 
the near-Earth phase was required at the Simulation Center and the 
Control Center in the Space Flight Operations Facility building at the 
Jet Propulsion Laboratory, and at Building AO, Building AE, the Real 
T im e Computer Facilities, and Complex Ul at Cape Canaveral at the 
Merritt Island Station, Spacecraft Assembly and Encapsulation Facilities 
1 and 2, and the Operations and Control Building at Kennedy Space 
Center. Supporting sites included elements of the Spacecraft Tracking 
and Data Network, Air Force Eastern Test Range, and Deep Space Network. 

To carry out the assigned responsibilities, a Viking Communica- 
tions Chief and a Viking Communications Scheduler were established within 
the Near-Earth System Group. The Viking Communications Chief yprked 
with Communication personnel at Kennedy Space Center , Air Force Eastern 
Test Range, Goddard Space Flight Center, and Jet Propulsion Laboratory , 
and was the single point of contact to the National Aeronautics and..^ 

Snace Administration Communications for all real-time operations. Jj 
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' A Communication Plan was published by the Near-Earth System 

Group describing the Voice and Data Communications Systems required to 
support all functions and operations during Testing Checkout of the 
spacecraft at Kennedy Space Center/Cape Canaveral Air Force Station and 
Launch. Communications required for Compatibility Testing with the 
Deep Space Network and the Flight Operations System and Near-Earth 
Phase Network were also included in this document. Figures 33, 3^, and 
35 show the Viking Project Voice, Data, and Teletype circuits. 

3. Prelaunch Configurations of Near-Earth Stations 

Three basic downrange station combinations were recommended for use 
in the event of an untimely loss of one or more of the near-Earth sta.~ 
tions . These combinations of stations preferred in order as approved 
by the Project Manager were: (l) Ascension, two aircraft, and 

Tananarive; (2) Ascension, two aircraft, and Vanguard; and (3) Ascension, 
two aircraft, and Johannesburg. The Manager also approved a plan calling 
for approximately a one-hour launch window per day beginning at a launch 
azimuth no more northerly than 93 degrees . 

I+. Prelaunch • Tra j ectory Selection 

The trajectories for Viking were provided for launch days 
August 11, 1975, through October 13, 1975, and were broken into six 
different groupings. The first group was "Nominal Mission A" and con- 
sisted of launch days August 11, 1975, through August 22, 1975, with 
many of these launch days having more than one arrival date. The 
second group was "Extended Mission A" from August 23 to September 9» 

1975. The third group was for a heavier mission, being called "Heavy 
Mission A," and ran from August 12, 1975 through August 22, 1975. .The. 
fourth and fifth groups were the "Nominal Mission B" period from 
August 21 through September 9, 1975, and the "Extended Mission B" 
period from September 10 through September 20, 1975 • The last group of 
trajectories was for the "Contingency Mission B" period, which started 
with launch day September 21 and continued through October 13, 1975- 

Provision of powered flight trajectory tapes for all the near-Earth 
trajectories proved to be formidable. So, Lewis Research Center, 

General Dynamics Convair, and the near-Earth representatives decided 
that a grid space of every 1 degree in launch azimuth and every 1 degree 
in outgoing target declination would be provided for the Viking mis- 
sions. This called for approximately 300 powered flight trajectories 
that resulted in additional problems. The first problem was that the 
Viking grid space for the second burn was not adequate to provide 
accurate acquisition and expected coverage estimates without interpola- 
ting between trajectories for certain near-Earth stations such as 
Johannesburg and Tananarive. The second problem was concerned with 
Viking A and B trajectories having different C^ energies than provided 
on magnetic tape. 
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However, these problems were solved by Goddard interpolating the 
necessary powered flight tapes and detailed correlation being devised 
to indicate which powered flight tapes to use for a given launch day/ 
arrival date. This correlation was based on launch azimuth and time of 
Second Main Engine Start. Final trajectory selection was generally for 
a O' to 75-minute launch window per day starting at a launch azimuth of 
96 of 97 degrees . 


5. Operational Control 

The near— Earth control provided interfaces and communications to 
maintain updated awareness of the operational status of participating 
elements. It also provided operational coordination and control 
between near-Earth elements of the Tracking and Data System and Viking 
Project Management during this phase of the operations. 

Figure 36 illustrates the near-Earth operational positions, ioca- ,1 
tions , interfaces, and voice communications links. The roles of the 
Coordinator, Range User Data Coordinator, Associate Test Controller 
and Telemetry Engineer during major testing and launch are described 
here. 

The near-Earth Coordinator represented the Tracking and Data 
System Manager for operational cognizance of the near-Earth phase of 
the mission. To execute the basic responsibility of this position, the 
Coordinator relied heavily upon coordination with three other opera- 
tional positions located at the Real-Time Computing System, Range 
Control Center , Spaceflight Tracking and Data Netwcrk/Merritt Island. 
Activities of the near-Earth elements were separated for monitoring 
status and for coordination among these positions. . The Coordinator 
monitored overall systems countdown to ensure that near-Earth operations 
were compatible, and properly interrelated with, the Project's Master 
Countdown. The Coordinator ' s position provided the Viking Flight 
Team and the Jet Propulsion Laboratory with status information of 
general countdown activities, and coordinated integrated operations and 
activities. He also counseled the Tracking and Data System Manager on 
all matters relating to near-Earth operations, 

The Range User Data Coordinator was the Viking Project Jet Propul- 
sion Laboratory representative located at the Air Force Eastern Test 
Range Real-Time Computing System, His major function was to coordinate 
the flow of computed data from the computing system to the Viking Flight Team 
Flight Path Analysis Group at Pasadena. He was the Flight Team focal 
point for determining the need for computing system configuration 
changes, reruns of data processing, program troubleshooting, or other 
coordination or counseling for anomalous situations. At the Real-Time 
Computing System, tne Range Use"*' , Data Coordinator coordinated the 
updating of the acquisition preiict constant parameters used in the 
computing system Inter-Net Predict Program and the subsequent trans- 
mission of predicts to Deep Space Network stations. He provided 
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estimates of the actual trajectory conformance with the nominal design, 
monitored the timeliness and the quality of the transmissions of 
orbital' elements, predicts, and associated data to the Viking Mission 
Control- and Computing Center. 

The Associate Test Controller was located in the Air Force 
Eastern Test Range ' s Control Center where he interfaced directly with 
the Kennedy Space Center Representative (Test Controller), the Goddard 
Space Flight Center/Spaceflight Tracking and Data Network Representative, 
and, as appropriate, with the Air Force range Superintendent of Range 
Operations. The Goddard Center/Spaceflight Network Representative was 
in direct communication with the Spaceflight Network's Operations Mana- 
ger who exercised operational control of the Spaceflight Network 
resources. Similarly, the Range Operations Superintendent exercised 
operational control of the Air Force Range resources, including the 
range aircraft. The Associate Test Controller worked closely with the 
near-Earth support Coordinator in reporting status information and 
acted as the agent for the Coordinator in all situations requiring 
operational control, particularly in changing, adding or deleting 
support requirements relating to the utilization of Kennedy Space 
Center, Spaceflight Tracking and Data Network, and the Air Force Eastern 
Test Range near-Earth resources. 

The near-Earth Telemetry Engineer was located at the Spaceflight 
Tracking Data Network Merritt Island site. He coordinated all near- 
Earth support spacecraft telemetry data flow for all tests and opera- 
tions that required spacecraft telemetry data to he transmitted to Jet 
Propulsion Laboratory. The flow of data to be coordinated originated 
from the Air Force Range and Spaceflight Network receiving sites and 
passed through the Merritt Island Station to the Viking Mission Support 
Area at the Jet Propulsion Laboratory. He counseled the near-Earth 
support Coordinator, as required, concerning the processing and trans- 
mission of the spacecraft telemetry data stream. 


B. . TESTING 
1. General 

The plan for prelaunch testing to be performed by the near-Earth 
support was published in March 1975- This plan defined all prelaunch 
testing required to verify the readiness of the near-Earth support 
system to participate in and to support the Viking 75 Flight Project 
test, training, and readiness program. Internal testing was a pre- 
requisite and the responsibility of each individual agency supporting 
: .the near-Earth effort. 

The Test Plan outlined launch support configuration and developed 
criteria and schedules for those detailed tests. These tests preceded 
participation in the overall mission operations and Ground Data System 
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tests. The major tests, which led to the ultimate performance readiness 
demonstration for Viking Project management, were the Operational Demon- 
stration and Operations Readiness Tests. 

The Near-Earth Test Plan was reviewed by project representatives 
on March 4, 1975. The objectives of the review were to assure that the 
plans and schedules for tests were compatible with the Project plans 
and schedules, and that the resources required from other elements of 
the Project could be provided to support those tests. At that time, 
there was a review of the need for and scope of near-Earth support of • 
the Ground Data System tests. Flight Operations Test and Training tests, 
and training exercises. 

While no major changes to the test plan resulted, several signifi- 
cant Requests For Action were developed. They included requests that: 

(1) near-Earth support indicate how the aircraft and ship Vanguard 
crews would be trained for Viking support, (2) near-Earth support 
determine the best and most timely manner to transfer orbital parameters 
based on Centaur guidance telemetry data to the Flight Path Analysis 
Group at the Jet Propulsion Laboratory, and (3) the Tracking Network 
Operations Analyst determine what action or test run was necessary to 
demonstrate that Deep Space Stations 42 and 44 in Australia could 
effectively use the acquisition predicts computed by the Air Force range 
Real-Time Computer System during personnel training tests and Ground 
Data System tests, and the Launch. These items were addressed elsewhere 
in this report. 

Viking prelaunch testing began in December 1974 and overlapped the 
Apollo-Soyuz Test Project prelaunch testing and orbital operations, which 
terminated July 24, 1975- During this overlap period, there were poten- 
tial conflicts because of support requirements placed upon the elements 
of the Near-Earth Support System. These conflicts materialized in only 
two instances . Because of the limitations of available National Aero- 
nautics and Space Administration communications voice and data circuits 
between the Cape Canaveral area and Goddard Spaceflight Center , two voice 
circuits ("Mission Test Computer" and "Status") that had been planned for 
the Viking Orbiter Precount and the concurrent Near-Earth Telemetry Test 
No, 5 on April 2, 1975, were forfeited without serious impact upon the 
test support . - 

Because of Spaceflight Tracking and Data Network commitments to 
support the Apollo-Soyuz Countdown Demonstration Test on July 2, 1975, it 
could not support the Viking Ground Data System Test 8.2 planned for that 
date. Consequently, the Viking test was rescheduled and conducted on 
June 30, 1975. 

2. .Launch Vehicle Telemetry Testing 

The launch vehicle telemetry testing primarily consisted of per- 
forming data flow checks of the various launch Vehicle links (2202.5, 

2208 . 5 , and 2287 . 5 ) and verifying that the data were processed and dis- 
played properly . 
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Before these hats, flow checks were performed., the Air Force 
Eastern lest Range, Kennedy Space Center, and .Spaceflight Tracking and 
Data Network stations verified that the station software was properly 
processing the data. Two launch vehicle telemetry magnetic test tapes 
were primarily used for verifying the launch vehicle software and data , 
flow. These data were processed by Central Instrumentation Facility and 
displayed on strip charts. Analog data that indicated the launch 
vehicle measurements and their locations in the data frame were pro- 
cessed by octal callup display and strip ...charts. lv ' 

The overall launch vehicle data flow testing accomplished for 
Viking is shown in Fig, 37. This included stripping out the 33-1/3 bps 
spacecraft data and sending this data to Building AO. 

The launch vehicle telemetry testing consisted of' supporting and 
displaying data from many of the pad tests as well as supporting Ground 
Data System Tests, and Demonstration and Operational Readiness Tests . 


3. Spacecraft Telemetry Testing f f f ■ 

: Eight spacecraft telemetry tests Were performed without any prob- 

lems being experienced by the facilities. 


a * Test No. 1, The first test of four hours verified that 

(1) the Spaceflight Tracking and Data Network Merritt Island (MIL 71) 
and Air data and strip out the 33-d /3-bps Spacecraft data stream and 

(2) Merritt Island Telemetry Station and the Automatic Switching Unit 
at MIL 71 could obtain frame synchronization on the 33-1/3-bps sync 
pattern. This test utilized the Project- furnished Centaur tapes with 
the spacecraft 33— 1/3— bps data stream, with both the Telemetry Station 
and MIL 71 testing their Pulse Code Modulation Decommutator software 
and hardware configuration for processing and transmitting the space- 
craft data stream. 


b. lest No. 2. This was a Simulation System Test to verif^y 
that MIL 71 could (l) receive 33-1/3-bps spacecraft engineering data 
in the Simulation Conversion Assembly from the Viking Mission Control 
and Computing Center Simulation Center, (2) obtain bit sync lock on the 
33— l/3— bps data stream via Channel 1 in the Telemetry and Command 
Processor, (3) format the bit stream into the standard Deep Space 
Network High-Speed Data blocks, and (4) demonstrate compatibility 
with the Mission Control Center computer with spacecraft data 
input. In this test the Mission Control Center simulation transmitted 
the 33— l/3— bps data to the Merritt Island Station Simulation Conver- 
sion Assembly. The resultant data were routed to the test transmitter 
through the radio- frequency system to the Telemetry and Command 
Processor. There the data were processed, reformatted and transmitted 
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to the Mission Control Center to obtain frame sync. This test wee 
performed as part of,, the System Integration Test on 1/9/75. 


Test Wo. 3. 


This was an Air Force Eastern Test Bange and 

1 In +■ n TVT 1- 1 _ I r-n _• ' 


Spaceflight TFSiH^nd 

conld S meet e a 10-3 fber ) plan 

Telemetry and Command Processor hit sync loop cDuld^oSSe^he^l^ 6 

Island q? d + Ced ^ t ? 6Se transni ission plans. For this test, the Merritt 
Island Station simulated a 33-1/3 bps spacecraft data stream The 

output was routed to Goddard on a J. 2-kbps high-speed line and also to 

Each of th rC + EaSt J rn ? est Ran S e Merritt Island Telemetry Station. 
t i h fJ h !. tW ° SlteS looped tack the data stream to the Merritt 
Island Station, which verified frame sync on the data stream and per- 
ormed a bit error test. The test verified that the bit error rate is 
10 or better from both the Goddard Space Flight Center and the Mr 
Force Eastern Test Bange Merritt Island Telemetry Station lines! 


d. Test. No. 4. 


A Loop Back Demonstration Test showed that the 


near-Earth facilities did not degrade the simulated 33-1/3-bps daS 
stream generated at the Mission Simulation Center. In this test the 

!J iSSl0n C ° ntr01 “ d generated afScodel’ 

33 1/3 bps spacecraft engineering data stream and transmitted to the 
Merritt Island Station on a 4.8-khps high-speed line. The Station 
received the data and routed it through its radiofrequency and 
teiemetry system. The spacecraft data were then transmitted to 4 
e Viking Mission Control and Computing Center for evaluation 
The Station also transmitted the simulated data to Goddard where 
it was looped back and received at the Automatic Switching Unit ' 4.; 
The output of the Automatic Switching Unit was then routed through 
the standard Deep Space Network Computing Center . The Control 
Center evaluated and, verified that the data were good. The Station 
then transmitted the simulated data to the telemetry station for 
loop back and transmission to the Viking Mission Control and r= 
Computing Center for evaluation. 


e. 


Te st No. 5 . The fifth test was an Orbit er Spacecraft/ 

ITI'PCIrtlri v,/* n « J - HT * 4 ' 


m _ ~ w ^ wj.uj.uex- opacecrait/ 

Epac .®-^f h J. Trackln f f nd Data Network Data System End-to-End Compatibil- 
yValidatim verifying that the near-Earth data received from an 
Orbiter Spacecraft were correct when displayed to the Viking Flight 
Operations System. This test was performed in conjunction with ?he 
iking Orbiter Precount on 4/2/75 from Launch Complex 4l. 

The^ Orbiter spacecraft configured and radiated 33-1/3-bps ensineer- 

Sdi d !r a ln thS laUnCh format * The Merritt Island Station received the 
° rea > e «cy signal and routed the receiver output to the Phase 
Shift Keying Demodulator/Bit Synchronizer. The output was routed to 
tne Pulse Code Modulation Decommutator for frame synchronization 
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and to the Automatic Switching Unit. In addition, the radio- 
frequency receiver output was recorded on analog tape and dis- 
tributed to the near-Earth support stations for future testing. The 
Automatic Switching Unit obtained frame sync and outputted the 33-1/3- 
bps data stream to the standard Network Telemetry System and trans- 
mitted to the Mission Control Center via a l+.8 kbps high-speed data 
line. The data were then evaluated, displayed to the Plight Operations 
System, and verified as good data. 

f. ‘ Test No. 6 . The sixth test, a Near-Earth/Centaur Data 
System Snd-to-End Compatibility Validation, demonstrated that the Near- 
Earth Compatibility 'Test Stations (Merritt Island Telemetry Station 
and Air Force Eastern Test Range) could receive the Centaur 2202. 5-MHz 
pulse-code modulation/frequency modulation signal, decommutate and strip 
out the 33-1/3-bps spacecraft data stream, and transmit this data to the 
Control Center via the Merritt Island Station. This test was per- . t 
formed in conjunction with the Terminal Countdown Demonstration test 

on May 5, 1975. 

The Orbiter spacecraft was mated to the Centaur and the 33-1/ 3-bps 
engineering data were routed to the Centaur 2202. 5-MHz pulse-code 
modulation/frequency modulation link during this test.. The Centaur 
radiated the 2202. 5-MHz link being received at both Merritt Island 
Telemetry Station and Air Force Eastern Test Range, TEL 4. Both 
stations received, decommutated, obtained frame sync, recorded on 
Analog recorder, and transmitted the 33-l/3^bps data stream to the 
Merritt Island Station. The Merritt Island Station verified frame 
sync and outputted to the standard Network Telemetry System. Either 
the Merritt Island Station or Air Force Eastern Test Range Telemetry 
Station data stream were selected for processing and trans- 
mitting the data to the Mission Control Center for evaluation. 

In addition, analog recordings were made at both sites for dupli- 
cating and transmitting the tapes to all the near-Earth stations . 

These tapes were to be used for future station validation and 
Mission Operations- tests.. 

g. Test No. 7 . Goddard and all its supporting Network 'stations 
were verified ready to support the mission test exercises with test 7- 
Each station generated a 33-l/3-bps engineering data stream from its 
station simulator for transmission to Goddard for retransmission to the 
Merritt Island Station for frame sync. Each Spaceflight Tracking and 
Data Network station then took its simulator off line and played back the 
analog tape produced from either Test 6 or 7. Each station transmitted 
to Goddard on a 7 • 2-kbps high-speed data line and on to the Merritt 
Island Station via the same route. The Merritt Island Station verified 
frame sync for each supporting station. 
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h. Test Ho. 8. The final test verified that all supporting Air 
Force Eastern Test Range stations were ready to support the mission test 
exercises. For this test, each supporting station generated a 33-l/3-bps 
engineering data stream from its own station simulator, and transmitted 
the data stream to the Merritt Island Station via 20 2D modem circuits. 

The Merritt Island station verified frame sync on each of the stations 
data stream. Each supporting station terminated the station simulator 
and played back the analog recording produced from Test 6. The Merritt 
Island Station verified frame sync on the tape playback data from each 
station. 


4. Metric Data Testing'"" 

To test the near-Eaith metric data delivery, two metric data veri- 
fication tests and a Mars 3-Plane mapping test were conducted. ' 

^' ne first test verified that simulated metric data' from Station 42 
in the new Tracking 2-11 format could be processed by the Real-Time 
Computing Center at the Air Force Eastern Test Range. 

After this test was completed, a static data point from the 
Station was sent to verify that the Real-Time Computing System could 
process -live data. 

.The Real-Time Computing Center received a frequency constant -- 
message that was used as inputs to the Internet Predict Program to gener- 
ate a specific set of Predicts for Deep Space Network stations . -These 
predicts were generated and sent to the Jet Propulsion Laboratory to 
be verified by Network Tracking Analysis Team. 

T ^ e Kea i-Tisie Computing Center processed four sets of orbital 
elements and mapped the orbital elements to the 3-Plane at Mars to : 1 

within a few hundred kilometers. V The results also compared favorably 
with the General Dynamics Convair and TRW mapping of the same orbital 
elements. The mapping accuracy was considered more than adequate for 
the purpose intended , and the test was considered successful. 

In addition the accuracy and format of all these messages were 
verified before these data were sent to the Jet Propulsion Laboratory 
for use in simulations. 


5- Support of GDS Testing 

The Near-Earth Test Plan called for support by all possible Near- 
Earth Tracking System elements in a full-up mission system dress rehear- 
sal during Ground Data System Test 8.2. The test had been scheduled 
for July 2, 1975, which was also the second day of the Apollo-Soyuz Test 
Project's Countdown Demonstration Test. Because of the imminent Apollo- 
Soyuz Test Project launch and the Spaceflight Tracking and Data Network's 
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commitment to support the Countdown Demonstration Test , the Spaceflight 
Tracking and Data Network advised that it could not support the Viking- 
Ground Data System 8.2 Test as scheduled. Furthermore, the. software 
needed to process the Centaur telemetry data in real time was not yet 
at all the required sites. It was then decided that no launch vehicle 
telemetry would he exercised in the Ground Data System 8.2 test. 

The test date was advanced to June 30, 1975. Except for launch 
vehicle telemetry, full near-Earth support was provided. A problem 
arose at Merritt Island during the Ground Data System 8.2 test in that the 
telemetry processing computer at the Control Center could not obtain 
frame sync on any near-Earth tape playback data. All data were being 
routed from the near-Earth stations to Merritt Island. At this point, 
the data input to the Automatic Switching Unit for frame sync and output 
to the DSN TCP experienced bit jitter introduced by tape playback, 
resulting in garble of the frame sync pattern and data content as it 
was being formatted in the TCP. Subsequently, with a special configura- 
tion for the Symbol Synchronizer Assembly symbol synchronizer loop, the 
bit jitter generated by tape playback did not affect the data being 
formatted for high-speed data output. Therefore, this configuration was 
used for all later testing. .■■■;■ 

C. FLIGHT OPERATIONS SYSTEM TESTS 


1. Flight Operations and Training Tests 

Near-Earth resources were used to support flight operations tests 
with live and/or simulated spacecraft data. Such tests included the 
System Integration Test, Lander Plugs Out Tests, Orbiter Precount Tests, 
Lander Prelaunch Tests, Flight Events Demonstration, Terminal Countdown 
Demonstration, Flight Article Compatibility Tests, Lander Imaging Test , 
and Lander Cruise Update Tests. The resources consisted mainly of the 
Spaceflight Tracking and Data Network — Merritt Island Station, the 
NASA Communications Network circuits, and manpower to monitor and 
trouble-shoot long-line voice and data circuits. Most tests 
exceeded 25 hours duration, and caused a considerable stress on 
the manpower, especially at Merritt Island. •• • 

2. Operational Demonstration Tests 

These tests demonstrated that the Flight Operations System was 
capable of executing selected portions of the launch and midcourse 
maneuver sequence in accordance with the actual mission time line. The 
time lines for providing spacecraft data from the Merritt Island Station, 
orbital elements and predict data from the Real-Time Computer System, 
and mark event, etc., data from Hangar AO were all successfully exercised. 
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3. Operational Readiness Test 

The objective of this test was to demonstrate the final readiness 
of all the elements of the system for Viking to support the upcoming 
Viking launches. All elements of the Near-Earth Tracking System 
supposed this test and provided the desired data to the Flight Opera- 
tions Support areas at Jet Propulsion Laboratory. Only minor problems 
occurred during the test. 

Early in the minus count, Guam had a problem checking out the 
spacecraft telemetry data flow, but the data were successfully checked 
out later in the minus count. 

The instrumented aircraft scheduled to support the test was not 
available because the modifications for Viking being made at Patrick 
Air Force Base had not been completed. " ' 


D. FINAL NEAR-EARTH PRELAUNCH OPERATIONS 


1. Launch Readiness Review 

■■ - V The. Launch Readiness Review was held on July 2, 1975, at the Air 
Force Eastern Test Range. Members of the review board represented 
Langley Research Center, Lewis Research Center, Kennedy Space. Center, 
Goddard Space Flight Center, Jet Propulsion Laboratory, and the Air 
Force Eastern Test Range . 

The material was presented in sufficient depth to allow the Board 
to make a confident judgment of the readiness of the near-Earth facil- 
ities to effectively support the remaining Viking tests and operations . 
The foregoing was predicated upon satisfactory resolution of the Viking 
Project "Requests for Action," which were not of a critical nature and 
dealt with launch operations and testing. All these Requests for 
Action were closed out before the Project Launch Readiness Review. 


2. Project Launch Readiness Reviews 

. The Near-Earth Tracking System supported both the Viking A and 3 
Launch Readiness Reviews. Several were conducted because of the neces- 
sity of rescheduling the launch days of both A and B missions because of 
launch vehicle or spacecraft problems . 

The near-Earth status at all the Project Launch Readiness 
Reviews was "Green" for launch . 


3. Near-Earth Launch Constraints and Launch Hold Criteria 

The near-Earth support, with the resources planned, could support 
all the mandatory requirements for both the Viking missions. However, 
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because of the shortage of near-Earth resources and the fast changing 
location of the Centaur second burn during the daily launch window, the 
Near-Earth System could not always be committed to total mandatory 
coverage for at least an hour window for every launch day. This was well 
coordinated with the Viking Project Office representative and accepted. 

The one near-Earth launch constraint addressed support by the range 
aircraft. The three range aircraft required a minimum of ten minutes 
notification of the actual launch time to ensure their proper position- 
ing and subsequent acquisition of launch vehicle and spacecraft data. 
Without this notification, the aircraft would probably not provide their 
coverage intervals of mandatory data. 

Certain near-Earth mandatory data intervals were considered 
critical by the Project and, because of this, certain stations were 
considered launch hold stations if they were unable to support. The 
stations selected as launch hold stations were coordinated between 
Project Office, Lewis Research Center (launch vehicle), Jet Propulsion 
Laboratory (orbiter) and the Near-Earth Tracking System. For the 
Viking missions , the near-Earth launch hold stations were the telemetry 
stations at Kennedy Space Center or Merritt Island, Antigua, Ascension, 
Johannesburg, and one or two range aircraft depending on the launch tra- 
jectory. Also, on Mission B, the Vanguard was an additional launch hold 
station and Ascension was only a launch hold station on certain 
trajectories . ; t : ; A, 

4 . Near-Earth Requirements Which Could Not be Met 

All the specified mandatory requirements for the Viking missions 
could be met for a window of 43 to 85 minutes per day depending on the 
trajectories. Committed support of several of the Centaur and space- 
craft "required" and "desired" requirements after spacecraft separation 
could not be given because of lack of station views and/or lack of 
predicted signal strength. The "required" and "desired" data intervals 
where committed support could not be given is provided in Fig. l6. 
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III. THE DEEP SPACE NETWORK 


A. 


IMPLEMENTATION 


1. Support Capabilities , Configurations 

. , The capabilities of the Deep Space Network were strengthened during 
the prelaunch period of the Viking Mission. Tuo ne w 64-meter stations 
(Station 43 at Tidbinbilla in Australia and Station 63 at Robledo in 
pain) were added. These stations, with Station l4 at Goldstone, formed 
f • new .64-meter subnet. Station 43 was activated in April 1973 and Sta- 
tion 63 m September of the same year. A new 26-meter station became 
operational in Australia in May 1973 as Station 44 at Honeysuckle Creek. 
IWo 2 o-meter stations were decommissioned. These were Station 4l at 
Woomera, Australia, and Station 51 at Johannesburg, South Africa- the 
first was deactivated January 1 , 1973, and the latter as of June’ 30 , 

T -f- ists the deep space stations finally committed to support 
the Viking Missions to Mars. 


From inception to completion, the Viking configuration of the Net- 
work was presented in many different forms to suit the background and 
intended purpose of the recipient. High-level management was interested 
m only functional capabilities; engineering organizations required over- 
all station layout and electrical interface requirements; operations 
personnel were concerned with, data flow paths, redundant capabilities, 
and failure mode . strategies . Thus many versions of the Viking con- 
figuration came into existence, to serve particular purposes at 
particular times and circumstances. 


.Figure 38 gives the Deep Space Network — Viking telemetry system 
baseline functional requirements in a block diagram as published in 
July 19 72 (Ref. 5) • Subsequent issues of this technical report des- 
cribed the Tracking, Command, and Test and Training systems (Refs. 6 , 

7, and. 8 ) at the same level. These diagrams provided a basis on which 
so verify that all of the required capabilities had been provided for, 
and from which the engineering divisions could plan and design the 
actual station hardware and software to be implemented in the network. 
Examples of Viking con xigurat ions as implemented in the 64— meter subnet- 
work and the 26-meter subnetwork are given in Fig. 39 and 4o. These 
diagrams represent the overall as-build station configurations arranged 
by subsystem. 


, For operational purposes, however, the telemetry, command, and 
tracking data flow paths needed to be separated into clearly identifiable 
operational configurations that could be disseminated throughout the 
Network and used by all operational personnel during the Mission. An 
example. of such a diagram is given in Fig. 4l, Standard Planetary Con- 
figuration (Telemetry) Orbiter/Lander/Orbiter extracted from the Net- 
work Operations Plan for Viking. Because there were many such 
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Fig. 38. Deep Space Network/Viking telemetry system baseline functional requirements block diagram. 

{KOEWINO pa&e Blank Hot fum 


113 


holdout mug' i\ 





TRANSMITTER SUBSYSTEM 


DMC 

MANUAL CONTROL 


20-kW 

TRANSMITTER 


1 [RECEIVER-EXCITER SUBSYSTEM 

1 

1 SIMULATED 
1 S-X-BAND CARRIER 


1 1, 

TEST 

A d 

J— .1 ‘ 

TRANSLATOR 


MONITOR DATA 


L 


HIGH POWER 
TRANSMITTER 
(DSS 14-400 kW, 
DSS 43 AND 
63-100 kW) 


U 


LOW 

POWER 

UPLINK 

SIGNAL 


TRANSMITTER 

CONTROL 

ASSEMBLY 


MONITOR 

DATA 


MANUAL 

CONTROL 


FTS 


STATION FREQUENCY 
REFERENCE 


DMC 


DMC 

HIGH POWER UPLINK SIGNAL 


MONITOR DATA 


SPACECRAFT 
RF SIGNALS 


RF SIGNALS 


X-AND K-BAND RADAR 
CONE ASSEMBLY 
(R&D AT DSS |4 ONLY) 


X-BAND RECEIVE 
ONLY ASSEMBLY 


DTK 

_ POLARIZATION ANG LE 


DMC 

MANUAL CONTROL 


S-BAND POLARIZATION 
DIVERSITY CONE 
ASSEMBLY 


TRI-CONE 




MONITOR DATA 


FTS 


MANUAL CONTROL 




TT 

SIMULATED 

COMPOSITE TELEMETRY 


SIMULATED 
S-BAND CARRIER 


EXCITER 
BLOCK IV 
ASSEMBLY 


EXCITER 
REFERENCE FREQUENG5 


DOPPLER REFERENCE 1 


COMMAND 

CONFIGURATION 


TCD 


COMMAND WAVEFOR5 


COMMAND 
MODULATOR - 
ASSEMBLIES 


TEST 

TRANSMITTER 


COMMAND 
I CONFIRMATION 


EXCITER 
BLOCK III 
ASSEMBLY 


COMMAND WAVEFORN 


COMMAND WAVEFORg 


EXCITER 


TEST SIGNAL 

CONTROL 

ASSEMBLY 


I 

mm 

1 

SB 

. 


■ 

TRAVELING - 
WAVE MASER 

MICROWAVE 

1 

S-BAND 

SWITCH 


TRAVELING - 

ASSEMBLY- 

i 

WAVE MASER 

» . 


1 

MSJUI 



l 

TRAVELING - 
WAVE MASER 


AMPLIFIED X-BAND 
RECEIVED SIGNAL 


AMPLIFIED S-BAND 
RECEIVED SIGNAL 


AMPLIFIED S-BAND 
RECEIVED SIGNAL 


.ANTENNA MICROWAVE SUBSYSTEM 


FREQUENCY AND TIMING 
DATA 


DTK 

_ ANTENNA POINTING ANGLES 


r 


CONFIGURATION MODE AND 
STATUS 


ANGLE 

DATA 

ASSEMBLY 


DMC 

MANUAL CONTROL 




MONITOR DATA 


APS 



ANTENNA 

STRUCTURAL 

ASSEMBLY 



t 

DRIVE 

tape 

DRIVES AND 

MECHANICAL 

ASSEMBLY 

ANTENNA 

POINTING 

COMMANDS 


SERVO 


ASSEMBLY 


RF PHASE 
CALIBRATOR 



BASEBAND 




RECEIVER 

SWITCHING 


REFERENCE FREQUENG) 
TT 

1 — SIGNAL LEVEL CONTROL 

S-X-BAND TELEMETRYi 


S- 

BAND 


X- 

BAND 


RECEIVER 4 
BLOCK IV 


S-X-BAND TELEMETRY! 


S-X-BAND TELEMETRY! 


S-X-BAND TELEMETRY! 


DOPPLER 


RANGE 


BASEBAND 


S- 

BAND 


X- 

BAND 


RECEIVER 3 
BLOCK IV 


S-X-BAND TELEMETRY! 


S-X-BAND TELEMETRY! 


S-X-BAND TELEMETRY! 


DOPPLER 


RANGE 


BASEBAND 


RECEIVER 2 
BLOCK 111 


S-BAND TELEMETRY 


S-BAND TELEMETRY 


DOPPLER 


-ORANGE 


BASEBAND 


RECEIVER 1 
BLOCK III 


S-BAND TELEMETRY 


S-BAND TELEMETRY J 


S-BAND TELEMETRY 


DOPPLER 


-ORANGE 


X- 

BAND 


BASEBAND 


X-BAND 
OPEN LOOP 
RECEIVER 


OCCULTATION 70-kHz BW 


OCCULTATION 70-kHz BW 


S-BAND 


S-BAND 
OPEN LOOP 
RECEIVER 


TO OCCULTATION 

, RECORDING ASSEMBLY 

OCCULTATION IN CTA 2] 
lANALOG TAPE 


IPRE- AND P OSTDETECTION RECORDING SU B SYSTE M 


FRAMi- \ 
































I 

iXCITER 


IEFERENCE FREQUENCY 
fepPLER REFERENCE 

I i 

sOMMAND 

CONFIGURATION 


MMAND 

■wNFIRMATION ! 

ip MMAND WAVEFORM 
&3MMAND WAVEFORM 

&CITER 

IEFERENCE FREQUENCY 

I. tt 

iNTROL 

X-BAND TELEMETRY 


EXCITER REFERENCE FREQUENCY 


S-X-BAND RANGE RANGE 

— i ► DEMODULATOR 

ASSEMBLY 1 


INTERCON- 

NECTION 


S-BAND RANGE 


RANGE 

DEMODULATOR 
ASSEMBLY 2 


DOPPLER 

REFERENCE 


X-BAND DOPPLER 


DOPPLER 
EXTRACTOR 2 
BLOCK IV 



DOPPLER 

REFERENCE 

S-BAND DOPPLER 


EXTR2 
RDA 1 

INTERCON- 

NECTION 


DOPPLER 
EXTRACTOR 1 
BLOCK III 


SUBCARRIER 
DEMODULATOR 
ASSEMBLY 6 (SDA) 
BLOCK IV 


SUBCARRIER 
DEMODULATOR 
ASSEMBLY 5 
BLOCK IV 


SUBCARRIER 
DEMODULATOR 
ASSEMBLY 4 
BLOCK III 


SUBCARRIER 
DEMODULATOR 
ASSEMBLY 3 
BLOCK III 



PLANETARY RANGE CODE 

DELAY RANGE CODE 
RANGE CORRELATION VOLTAGE 
RANGE CORRELATION VOLTAGE 

DELAYED RANGE CODE 

BIASED DOPPLER 


PLANETARY 
RANGING 
ASSEMBLY, S-X 


BIASED DOPPLER 
BIASED DOPPLER 


DETECTED TELEMETRY DATA 


DETECTED TELEMETRY DATA 


DETECTED TELEMETRY DATA 


DETECTED TELEMETRY DATA 


SUBCARRIER 
DEMODULATOR 
ASSEMBLY 2 
BLOCK III 



DETECTED TELEMETRY DATA 
DETECTED TELEMETRY DATA 



SUBCARRIER 
DEMODULATOR 
ASSEMBLY! 
BLOCK III 


[TRACKING SUBSYSTEM 


I TELEMETRY AND COMMAND DATaTJa 
COMMAND WAVEFORM 
1 COMMAND CONFIRMATION 


| 

2EB 



SYMROI convolutionalS 

SYNCHRONIZER (LONG CONSTRAl| 
ASSEMBLY 4 ‘ 


f CODED 

■ CONTROL I DATA 




SYMBOL 
SYNCHRONIZER 
ASSEMBLY 3 


CONVOLUTIONS 
(LONG CONSTRA! 


R CV I COMMAND WAVEFORM 
I COMMAND CONFIRMATION 


SYMBOL CONVOLUTIONALL^ 

SYNCHRONIZER (LONG CONSTRAIN! 
ASSEMBLY 2 . ('I 


f 1 CODED 

I 1 CONTROL DATA 

BER LINE TT* — — ■ ■ — • - 



| DETECTED TELEMETRY DATA 


1 

I 

l 

DETECTED TELEMETRY DATA 

— * 0 — 

SVMRm 

6— — 

1 DETECTED TELEMETRY DATA 


SYNCHRONIZER 

— o o — 

CODED 



ASSEMBLY 1 

DATA 

_o 


1 , BER LINE 

.J | 


CONVOLUTIONAI 
(LONG CONSTRAl 

1 











{SIMULATED 
RCV| COMPOSITE 


TELEMETRY 


PLANETARY 
RANGING 
ASSEMBLY, S-X 


S-X-BAND RANGE, DRViD 


TRACKING 

DATA 

HANDLER 


SIGNAL LEVEL 
CONTROL 


SIMULATION 

CONVERSION 

ASSEMBLY 


TEST AN 
TRAININ 


FTS 

STATION 
FREQUENCY 
' AND TIMING 
REFERENCE 


TIME AND 
FTS I FREQUENCY 
, REFERENCES 


HIGH 
SIMULA! 
TELEMETRY 


REFERENCES TIME CODE 

GENERATOR 

SIMULATION TIME ASSEMBLY 


I TEST AND TRAINING SUBSYSTEM 


TRACKING SUBSYSTEM 


I TELEMETRY AND COMMAND DATA HANDLING SUBSYSTEM 
RCVl COMMAND WAVEFORM I rmiiMKin 1 


GCF-GHS 


COMMAND 

MODULATOR 

ASSEMBLY 



CONDITIONING STATUS 


, VUBr ., CONVOLUTIONALLY CODED I 

SYNCHRONIZER {LONG CONSTRAINT) 



ASSEMBLY 4 


T * CODED 

ber ! INE |CONTROL.DATA_ 


DATA 

DECODER 

ASSEMBLY 


TELEMETRY 

AND 

COMMAND 

PROCESSOR 


MONITOR 

DATA 


MANUAL 

CONTROL 


STATION 

MANAGER 

CONSOLE 


DIGITAL wtcu cpt 

INSTRU- ” IGH SPj 

MENTATION -1 

SUBSYSTEM 1 


TELEMETRY AND 
COMMAND ODR 


{MON ITOR A ND CONTRO L SUBS YSTEM 
FTS ■ 


TRACKING AND MONITOR i 
AND CONTROL ODR , 


TIME SIGNALS 
GCF-GHS 


| HIGH SPEED DATA | GCF-GHS 

WIDEBAND TELEMETRY DATA GCF-GWB 


HIGH SPEED DATA 


WIDEBAND TELEMETRY DATA GCF-GWB 


FREQUENCY AND TIMING 1 
DATA v_ | 


POWER 

GENERATION 

ASSEMBLY 


ALL SUBSYSTEMS 

POWER DISTRIBUTION 


POWER 

DISTRIBUTION 

ASSEMBLY 


SYMBOL CONVOLUTIONALLY CODED| 

SYNCHRONIZER (LONG CONSTRAINT) | 
°— ASSEMBLY 2 

0 — — I 

| i CODED j 

! 1 CONTROL DATA ' 

BER LIME ♦ 



TELEMETRY 

AND 

COMMAND 

PROCESSOR 


HEATING AND COOLING i 


FTS 

-TIME SIGNALS 


AIR 

CONDITIONING 

ASSEMBLY 


| TECH NICAL FACI L ITIES SUBsj 

-I 


FREQUENCY 

STANDARDS 


FREQUENG 
COHERENT REFERENCE 


REFERENCE 

generator 


. TELEMETRY 
ODR 



SYMBOL 

SYNCHRONIZER 
ASSEMBLY 1 


BLOCK 

DECODER 

ASSEMBLY 


DATA 

DECODER 

ASSEMBLY 


TELEMETRY AND 
COMMAND ODR 


CLOCK 

SYNCHRO- 

NIZATION 


HIGH SPEED DATA 


GCF-GHS 


| BE R LINE 


CONVOLUTIONALLY CODED 
(LONG CONSTRAINT) 



HIGH SPEED DATA I GCF-GHS 


WIDEBAND TELEMETRY DATA GCF-GWB 


UNINTERRUPTED 
POWER : 


WE s m 


TIMING 

ASSEMBLY ICODES 


I L 1 1 1 2 

[FREQUENCY AND TIMING SUBSYSTE M J 


RECORDER TONES 


Fig. 39. Deep Space Network Mark III-75J 


WT-BOOT frame i 






























TRACKING 

DATA 

HANDLER 


r 


i 


RCV 


SIMI 

COi 


SIMULATED 

COMPOSITE 


TELEMETRY 
SIGNAL LEVEL 


DMC 


FTS 

STATION 
| FREQUENCY 
' AND TIMING 
REFERENCE 


FTS 


CONTROL 
BER LINE — f 

TIME AND 
FREQUENCY 


SIMULATION 

CONVERSION 

ASSEMBLY 


STATUS 

GCF-GHS 

TEST AND 
TRAINING DATA 


HIGH RATE 


SIMULATION 

| O/CF-GWB 


TELEMETRY 


REFERENCES 
SIMULATION TIME 


J 


TIME CODE 

GENERATOR 

ASSEMBLY 


DMC 

MANUAL 


I TEST AND TRAINING SUBSYSTEM 


I SYSTE M | 


CONTROL 

MONITOR 

DATA 


'GCF-GHS 


TELEMETRY 

AND 

COMMAND 

PROCESSOR 


POWER AND AIR 
CONDITIONING STATUS 


RCV 

MONITOR 


TXR 

ANT 

, ( DATA 

STATION 


MANAGER 

UWVi 

MANUAL 

CONSOLE 

PPR 

TT 

TCD 

CONTROL t 



APS 

DRIVE 

TAPE 

DIGITAL 

INSTRU- 

| 



HIGH SPEED DATA j GCF-GHS 



MENTATION 

SUBSYSTEM 

1 

1 




TELEMETRY AND 
COMMAND ODR 


MON ITOR A ND CONTROL SUB S YSTEM 
FTS 


TRACKING AND MONITOR 
AND CONTROL ODR 


-TIME SIGNALS 


IF WIDEBAND TELEMETRY DATA 

GCF-GWB 

1 HIGH SPEED DATA , 

GCF-GHS 


GCF-GWB 


FTS 

FREQUENCY AND TIMING I 
DATA | 


ALL SUBSYSTEMS 

POWER DISTRIBUTION 


TELEMETRY 

AND 

COMMAND 

PROCESSOR 



■ GCF-GHS 


FTS 

-TIME SIGNALS 


HEATING AND COOLING i 





POWER 


CIVIL 

GENERATION 


r-^ 

STRUCTURE 

ASSEMBLY 



GROUP 

3 Z 



POWER 



SITE 

DISTRIBUTION 

— J 


PROTECTION 

ASSEMBLY 


GROUP 

i 



AIR 


SUBSYSTEM 

CONDITIONING 


CABLES 

ASSEMBLY 


SUPPORT 


ANT 

APS 

BCD 

BER 

BW 

CTA 

DIS 

DMC 

DRIVID 

DSS 

DTK 

EXTR 

FAC 

FTS 

GCF 

GHS 

GVC 

GWB 

NASA 

ODR 

PPR 

R&D 

RCV 

RCVR 

RDA 

RF 

SDA 

SMC 

TCD 

TCP 

TT 

TXR 

UWV 


I TECH N ICAL FACILITIES SUBSYSTEM 


r 


FREQUENCY 

STANDARDS 


COHERENT 

REFERENCE 

GENERATOR 


TELEMETRY AND 
COMMAND ODR 

HIGH SPEED DATA 


CLOCK 

SYNCHRO- 

NIZATION 


GCF-GHS 


tWl DEBAND TELEMETRY' DATA 

GCF-GWB 

IhIGH SPEED DATA 1 

GCF-GHS 

|WI DEBAND TELEMETRY' DATA 

GCF-GWB 


UNINTERRUPTED 

POWER 


FREQUENCY 

REFERENCE 


TIMING 

ASSEMBLY 


30-bit BCD 
TIME 


NASA TIME 


CODES 


. PPR TCD 
DTK TT 
► f FAC DMC 
ANT 


j FREQUENCY AND TIMING SUBSYSTEM 


RECORDER TONES 


J 


Fig. 39- Deep Space Network Mark III-75 functional network de 


page blAn& Mg? 


33-783, Vol . I 


ANTENNA MECHANICAL SUBSYSTEM 
ANTENNA POINTING SUBSYSTEM 
BINARY-CODED DECIMAL 
BIT ERROR RATE 
BANDWIDTH 

COMPATIBILITY TEST AREA, JPL, 

PASADENA, CALIFORNIA 
DIGITAL INSTRUMENTATION SUBSYSTEM 
MONITOR AND CONTROL SUBSYSTEM 
DIFFERENCED RANGE VERSUS 
INTEGRATED DOPPLER 
DEEP SPACE STATION 

DEEP SPACE STATION TRACKING SUBSYSTEM 
EXCITER ASSEMBLY 
TECHNICAL FACILITIES SUBSYSTEM 
FREQUENCY AND TIMING SUBSYSTEM 
GROUND COMMUNICATIONS FACILITY 
GROUND COMMUNICATIONS FACILITY 
HIGH-SPEED DATA SUBSYSTEM 
GROUND COMMUNICATIONS FACILITY 
VOICE SUBSYSTEM 

GROUND COMMUNICATIONS FACILITY 

WIDEBAND SUBSYSTEM 

NATIONAL AERONAUTICS AND SPACE 

ADMINISTRATION 

ORIGINAL DATA RECORD 

PRE- AND POSTDETECTION RECORDING 

SUBSYSTEM 

RESEARCH AND DEVELOPMENT 
RECEIVER-EXCITER SUBSYSTEM 
RECEIVER ASSEMBLY 
RANGE DEMODULATOR ASSEMBLY 
RADIO FREQUENCY 
SUBCARRIER DEMODULATOR ASSEMBLY 
STATION MANAGER CONSOLE 
TELEMETRY AND COMMAND DATA 
HANDLING SUBSYSTEM 
TELEMETRY AND COMMAND PROCESSOR 
TEST AND TRAINING SUBSYSTEM 
TRANSMITTER SUBSYSTEM 
ANTENNA MICROWAVE SUBSYSTEM 


sign: 6U-meter stations. 


Pi ' • ^ , 115 

® 0 Iit)OUT FRAME (A 












TRANSMITTER SUBSYSTEM 


RECEIVER-EXCITER SUBSYSTEM 


MANUAL CONTROL 




* 

20 kW 

_ LOW-POWER UPLINK SIGNAL 

‘ 0 ■ ' ' ■ ■ 

: 

EXCITER 

TRANSMITTER 



■ 

. ■■ 

BLOCK III 


CONFIRMATION DAI 
COMMAND WAVEFQ' 
CONFIRMATION DA'f j 
COMMAND WAVEFQ 


MONITOR DATA 


TRANSMITTER 

CONTROL 

ASSEMBLY 



MONITOR DATA 


ACQUISITION 
AID (DSS 11, 12, 
42, 61 ONLY) 


TEST SIGNAL 

CONTROL 

ASSEMBLY 


ANTENNA MICROWAVE SUBSYSTEM 



TLM 


J 

RECEIVER 
BLOCK III 


— 




AMPLIFIED 

S-BAND 

RECEIVED 

SIGNAL 


S-BAND 

TELEMETRY; 


RECEIVER 
BLOCK Ilf 


-(FREQUENCY REFERENCE 


TCD I MANUAL CONTROL 


FREQUENCY 

STANDARDS 


TIMING 

ASSEM8LY 


30-bif BCD TIME 
NASA TIME CODE 


SU3CAI 

S-BAND TELEMETRY 

"k. 3 


MONITOR DATA 1 


BASEBAND 


SIMULATED COMPOSITE TELEME1 


RECORDER TONES 


CLOCK 

SYNCHRO- 

NIZATION 


jDMC 

MANUAL CONTROL. 


ANALOG 

RECORDING 

ASSEMBLY 


FREQUENCY 4 
MODULATED DATA! 


LEGEND; 


SHARED EQUIPMENT 
FOR CONJOINT 
26-m DSS 


UNINTERRUPTED 
POWER 
(CONJOINT 
a ONLY) 


MONITOR DATA 1 


ANALOG 
| TAPE 


FREQUENCY AND TIMING SUBSYSTEM 


PRE-AND POSTDETECTION RECORDING SUBSYSJE 


if'oiDOirr fbam® 
























ULATED DATA 


DING SUBSYSTEM 


HOLDOUT FRAME 
































L 


I FTS 

| STATION FREQUENCY 
. AND TIMING REFERENCE 


DTK 


ANTENNA-POINTING ANGLES 
ANGLE DOPPLER DMC> “ 

RANGE DRVID I 


DMC 

MANUAL CONTROL 


MONITOR DATA 


DTK 


CONFIGURATION 
MODE AND STATUS 


FTS 


FREQUENCY AND 
TIMING DATA 



ANTENNA 

STRUCTURAL 

ASSEMBLY 


ANTENNA 

POINTING 

COMMANDS 


DRIVES AND 

MECHANICAL 

ASSEMBLY 


SERVO 

ASSEMBLY 


TELEMETRY 

DATA 


GCF-GHS ' 


ANTENNA MECHANICAL SUBSYSTEM 


FREQUENCY AND FTS 
TIMING DATA 

| ALL SUBSYSTEMS 

POWER DISTRIBUTION 1 


TELEMETRY 
AND COMMAND 
ODR 


HEATING AND 
COOLING 


TELEMETRY 

DATA 


GCF-GHS 


POWER 

GENERATION 

ASSEMBLY 


POWER 

DISTRIBUTION 

ASSEMBLY 


AIR 

CONDITIONING 

ASSEMBLY 


CIVIL 

STRUCTURE 

GROUP 


SITE 

PROTECTION 

GROUP 


SUBSYSTEM 

CABLES 

GROUP 


TECHNICAL FACILITIES SUBSYSTEM 


FAC 


I 


POWER AND AIR 
CONDITIONING STATUS 


gjND 1 

P> DR | 


GCF-GHS 


ffiTRY 

GCF-GWB 

e 1 

E j 

DMC 

MANUAL CONTROL 

r- : • • | 



1 MONITOR DATA 

\ ■ 


?; 

Fi£ 


RCV 

TXR 

ANT 

UVW ■ 

PPR 

TT 

TCD 


MANUAL CONTROL 


MONITOR DATA 


STATION 

MANAGER 

CONSOLE 


DATA FOR CRTl 


APS 

DRIVE 

TAPE 




DIGITAL 

INSTRU- 

MENTATION 

SUBSYSTEM 


TRACKING AND 
MONITOR ODR 



33-783, Vol. I 


ANT ANTENNA MECHANICAL SUBSYSTEM 

APS ANTENNA POINTING SUBSYSTEM 

BCD BINARY-CODED DECIMAL 

BER BIT ERROR RATE 

CRT CATHODE RAY TUBE 

DMC MONITOR AND CONTROL SUBSYSTEM 

DSS DEEP SPACE STATION 

DTK NETWORK TRACKING SUBSYSTEM 

FAC TECHNICAL FACILITIES SUBSYSTEM 

FTS FREQUENCY AND TIMING' SUBSYSTEM 

GCF GROUND COMMUNICATIONS FACILITY 

GHS HIGH-SPEED DATA SUBSYSTEM 

GVC GROUND COMMUNICATIONS FACILITY 

VOICE SUBSYSTEM 

GWB WIDEBAND DATA SUBSYSTEM 

NASA NATIONAL AERONAUTICS AND SPACE 

ADMINISTRATION 
ODR ORIGINAL DATA RECORD 

PPR PRE-AND POSTDETECTION RECORDING 

SUBSYSTEM 

RCV RECEIVER-EXCITER SUBSYSTEM 

RF RADIO FREQUENCY 

TCD TELEMETRY AND COMMAND DATA 

HANDLING SUBSYSTEM 
TCG TIME CODE GENERATOR ASSEMBLY 

TLM TELEMETRY 

TT TEST AND TRAINING SUBSYSTEM 

TXR TRANSMITTER SUBSYSTEM 

UWV ANTENNA MICROWAVE SUBSYSTEM 

VCO VOLTAGE-CONTROLLED OSCILLATOR 


GCF-GHS 


MONITOR AND CONTROL SUBSYSTEM 


>M>ING PAGE BLANK 


design: 26 -meter stations 

not ft 

B)LDOUT FRAMFl 3 


117 


f. 



















■ RCVR 1 

n SC' _ — -< 

A 

REC 

le^SSS 

RCVR 2 

'^/3 Vj P S : ; 

A 

REC 

2 so 'iooo^r 

O SCI 

RCVR 3 
BLK IV 

1 

N16 kbps 

'Sip.. 




■ SDA 2 


j i ^ 


TAPE 


SDA 3 


SSA 2 ■ 


TAPE 


SDA 4 




— o 

TAPE 

SSA 3 


5 DA 6 



30 


SPACECRAFT 

RECEIVER 

DATA 

TYPE 

SDA 

SSA 

BDA 

DDA 

ORB ITER ] 

v 

ENGRG 

1 

0 

0 

0 



SCI 

2 

1 

1 

■ V; ' 

lander 

2 ■ 

ENGRG 

3 

2 

0 

2 



SCI 

4 

3 

0 

3 

ORB ITER 2 

3 

sci ; 

' 5 

4 

2 

4 



ENGRG 

6 

0 

0 

0 


i IMme\ 













TCP 1 



SSA 1 




ape 



SSA 2 


DDA 2 




SSA 

i . 

BDA 

DDA 

■ TCP 

1 0 

0 

o 


1: 1 

1 Y 

1 

1 

\ ^ 

: o 

2 


1 3 

0 . 

3 


l 4 

2 

■ 4 

2 I: 

i ° 

0 

0 



WB 
INTER-1 
FACE 
PANEL! 



33-783, Vol. I 


AODR ANALOG ORIGINAL DATA RECORD: 

BDA BLOCK DECODER ASSEMBLY 

BLK BLOCK 

CJM COMMUNICATIONS JUNCTION MODULE 

DDA DATA DECODER ASSEMBLY 

DODR DIGITAL ORIGINAL DATA RECORD 

ENGRG ENGINEERING 

HSDL HIGH-SPEED DATA LINE 

L LANDER 

O ORBITER 

PPR PRE- AND POSTDETECTION RECORDING 

SUBSYSTEM 

RCVR RECEIVER ASSEMBLY 

REC RECORDING SUBSYSTEM 

SCI SCIENCE 

SDA SUBCARRIER DEMODULATOR ASSEMBLY 

SSA SYMBOL SYNCHRONIZER ASSEMBLY 

TCP TELEMETRY AND COMMAND PROCESSOR 

WB WIDEBAND 


Fig. Hi. Standard, planetary configuration , Oroiter/Lander/Orbiter — Code 30 
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diagrams required to meet all. of the various configurations of 
ortiters 5 landers, "bit rates, mission modes, etc,, these configura- 
tions -were coded for easy reference throughout the Network. Sim- 
ilar diagrams were also developed for Tracking, Command, and Test 
and Training, and Monitor and Control. 

It should he understood that the process of Viking implementa- 
tion was essentially one of addition and modification. Except for 
Network Stations 43 (Australia) and 6 3 (Spain), and the Network 
Operations Control Center, all the facilities had been in existence 
and had supported many previous flight projects in more or less the 
same form prior to the inception of Viking. Further, the network 
configuration required for launch and early cruise (up to February. 
1976) was substantially that which already existed, the major increase 
being for the start of Project testing in the full planetary config- 
uration after February 1976, but well before planetary encounter in 
June 1976. 

Therefore, the actual implementation was carried out in phases 
corresponding to the phases of mission activity for which it had to 
provide support. The phases were reflected in the Engineering 
Change Order management process' by attaching a category letter to 
each order designating the approximate mission implementation phase 
as described in Part A. 

A summary of the total Viking capabilities that were- to be 
implemented is given in Table 9- 

Prior to March 1972, Network implementation plans, had included 
the Space Flight Operations Facility as it was at that time a part of 
the Network. Following the Tracking and Data/Office of Computing 
and Information Systems reorganization in March, Network schedules 
were rearranged to encompass only implementation of the tracking 
stations , compatibility test stations, ground communications, and 
the Network Operations Control Center. 

During 1972 and 1973, implementation activity for Viking . 
was relatively small because of the replanning of Viking 73 to a 
1975 mission and the attention to the Mariner Venus Mercury mission. 

By September 1973, however, implementation for Compatibility 
’Test Area 21 had begun to move forward and the longer range Viking 
implementation was finally planned. The Tracking and Data System 
level schedule for September 1973 is shown in Fig. 4-2, to illustrate 
the situation confronting the Network at that time. 

Breadboard design compatibility tests had been run in Test 
Area 21 for radio frequency only, and the emphasis was on completing . . 
Test Area implementation to start the multiple spacecraft compati- •: 
bility tests described later . 
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Table 9 , Deep space station capabilities required 
for Viking planetary support 

26-meter Deep Space Stations 

Stations 11, 42, 6l, 12, 44 , and 62 antennas 
Single command uplink, 20 kW 

One low-rate , plus one medium-rate telemetry data . 
stream 

S-band ranging at Stations 11, 42/43 shared, and 
6l/63 shared 

S-band doppler each station 

One high-speed ground communications channel 
Digital Original Data Record with automatic recall 
Analog Original Data Record with station replay 

64-meter Deep Space Stations 

Stations l4, 43, and 63 antennas 

Single command uplink 20 kW prime, 100 kW/400 kW 
backup 

Up to six low, medium, and high-rate telemetry data 
streams 

S- and X-band ranging 
S- and X-band doppler 

One high-speed arid one wideband ground communi cations 
channel 

"- Digital Original Data Record with automatic recall 

Analog Original Data Record with station replay 

S- an d X-hand occult ation data receive and record 

S-band very long baseline interferometry data receive and 
■ record Stations l4 , ahdl42;';t' 
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Table 9 (contd) 


Ground Communications 


50-kbps wideband channel to Station l4 
27.6-kbps wideband channel to Stations 43 and 6 3 
480Q-bps high-speed channels to all stations 
Circuit performance monitoring and error detecting 


Network Operations Control Center 

Automatic recall capability 

Intermediate data record production 

Network system performance monitoring, display, and 
data system validation 

Tracking performance modification 

Network Operations Control 


Mars Radar 


Uses developmental hardware and software 
Provides X-band transmit and receive 
Up to 400 kW transmitter power desired 


. ; : By August 1974, as shown in Fig. 43, both the radio frequency 

compatibility tests and Data System capability tests had been com- 
pleted using two orbiter streams, and one lander stream simultaneously' 
between Compatibility Test Area 21 and the Mission Control Center. In 
the course of these tests, up to six data streams had been passed 
across the interface to the Control Center and processed satisfactorily, 
simultaneously with generation of two command links. This completed 
implementation, at Test Area 21. Implementation at Station 71, Merritt 
Island, and Station l4 at Goldstone for support later in the year was 
in progress . 

7; / The end of the year saw the Block IV receiver installed and 7y 
tested at Spaceflight Tracking and Data Network — Merritt Island 1 
71, and the first System Integration Tests with the Control Center, 
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completed the implementation at that Station. Bloch XV receivers 
for Stations 43 and 63 were in production and expected to he 
installed prior to launch, construction of facilities for the 
overseas high power transmitter installations .were about complete 
at the Spanish site, while the Australian contractor was about to 
begin work at Tidbinbilla. During May 1975, the Gold stone Sta- 
tions 14 and 11 implementation in the planetary configuration had 
been completed to support the Performance Verification Tests. 

These tests pointed out areas in the Network configuration needing 
improvement, particularly in regard to Analog Original Data Records 
and Digital Original Data Records. 

Implications of providing support from the second 26-meter 
subnetwork had been evaluated and some impact on the plan to 
implement the Station Monitor and Control Assemblies system at 
these stations had been identified.. The System level 3 schedule 
for July 1975 is shown in Fig. 44. By that time, the Block IV 
receivers were installed and tested at Stations 43 (Australia) and 
63 (Spain). The high-power transmitter was expected to be complete 
in August at Station 63, and November at 43. All implementation an d 
testing required for launch was completed by July 22 with the 
exception of some antenna noise abatement -work on the Australian 
station antenna, which had been delayed by bad weather at the site. 
This was, however, accomplished by 0800 Greenwich Mean Time on 
August 11, and the Network supported the initial launch attempt 
with zero anomalies. 

Implementation of the planetary configuration at both Stations, 
43 and 63, had been slowed somewhat by the application of configura- 
tion control during the launch period, but was to resume immediately 
upon completion of the launch activity. 


2. High-Power Transmitv er Rationale 

Installation of 100-kW transmitters to provide dual uplinks at 
10 kW each was an early Viking requirement. This requirement was 
principally oriented toward the need for simultaneous commanding from 
a single station to two spacecraft ( Orbit er/Orbiter or Orbiter/Lander ) 
However, early in 1973 indications were that the dual-carrier, single- 
transmitter mode of operation presented technical problems that were 
not fully understood. Recommendation was made that the dual-carrier 
mode be considered as a "mission enhancement" feature only in all 
future mission planning . The prime mission mode was to be based on 
the use of two subnets, with the simultaneous command longitude. 
However, evaluation of the consequent impact on the Viking mission 
planning and flight support showed that, irrespective of the dual- 
carrier requirement, there remained a need for a 100-kW transmit 
capability at Stations 43 and 63, as well as the 400-kW transmit 
capability at Station l4 at Goldstone , to avoid unacceptable risks 
and/or constraints to Viking Lander operations (Mission B 
particularly) . 
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. , , f-rom (l) worst-case telecommunications per- 

SS! (el Standing slopes (30 deg), (3) random ^nder 
n-r-i pntation (4) high-gain antenna or computer malfunction, (5) 
erly landing sites (30 deg S), (6) need for real-time targeting of 
landing sit! , and (7) late launch in the secondary mission. 

The mol£! IKse*^ 

Sf^sevePe 

structure, which resulted 1 J ^ of the condition s described 

compensate for the antenna, gam deficiencies. , . ^ 

ml oo rip+a (Ref 9) were presented in overview by the Martin 

communi c at ions Working Group at f r ^ n ^Vikiir Project ’ 

September 21. Both ca^bfuty at the overseas 
Manager, agreed ** element in the Netvork support planned for 

thf™^ion! V. 

tions 43 snd 63 for the purposes described above.. Implementation 
SS capability then vas reinstated and as operational date of 
January 1, 1976, was set. 


Technical, Operational Difficulties 


■— “ 14 - 

SSS 1: overseas f-f- "^fd^o^V i^funtil 

ss n r sir s^rr^^^fs^d r s ^ **.- 

mented to support the Project prelaunch planetary tests. .. 

The implementation completion milestone move d to 

originally scheduled for e? anl g arly ’ Decen rt> er) and finally to 
mid-October then s > of 3-1/2 months vas caused in part 

y^hf siiti^being out of service for proximate ly --nth ^to ^ 

srsrsr, ?of r .sss^^sr-f « — 

needed to meet the Viking configuration. 


128 


33-783, Vol. I 


In April 197*+, the high-power (lOQ-kW) transmitter at Station l4 
had to he shut down for approximately four weeks for major rework and 
modification. This modification included installation of a new Klystron 
to raise the maximum power to 400 kW. Bearing regrout and numerous ?, 
Viking modifications also caused a shutdown of the station for a period 
in September 197*** Station 63 was taken off-line for the entire month 
of October so that the elevation drive motor gear boxes could be 
removed and reworked. Earlier that year (August) time was spent at 
DSS 63 to add an X-band cone. 

To prepare for the Viking mission and to support a Saturn radar 
experiment in December 197 *+, it was necessary to replace all of the 
feed .cones at Station l4, The feed cone used for the Pioneer 10 
encounter was a prototype, the polarization diversity S-band cone . 

This cone was replaced in September 197*+ with the standard S-band 
polarization diversity cone, which was more nearly identical to the 
operational cones at Station 43 in Australia and Station 63 in Spain. 
After temporary installation of the X-band receive only cone for the 
purposes of fitting the associated dichroic plate and ellipsoid 
required for Viking S and X-Band, the cone was removed and the S-band 
megawatt transmit cone reinstalled so that Pioneer would have a 
backup S-band capability in the event of a failure in the newly 
installed cone . 

In August 1974, modification of Station 44 in Australia to the 
standard Deep Space Network configuration began. This called for 
changes in the antenna. as well as the addition of an Antenna Pointing 
System, Digital Instrumentation, and Tracking and Data Handling sub- 
systems . The station control area also was relocated from Tidbinbilla 
to Honeysuckle Creek. .The station was. not operational again until 
January 13, 1975* 

B. NETWORK OPERATIONS TRAINING 

lyi/V; The Unique operational requirements of the Viking Mission created 
a need to emphasize personnel training throughout the Network. This 
training was divided. into two types , Mission Independent Training 
and- Mission Dependent Training. 

Mission independent training, although normally not a part of 
a Mission Test and Training Plan, was a prerequisite to Viking oriented 
training and testing. The majority of the subsystems to be used during 
the mission remained unchanged from previous missions. However, the 
Viking configurations required up to six full telemetry streams and two 
command streams and one command stream as for. previous missions. Train- 
ing data and documentation for the new equipment was supplied to the 
Network Training Unit Supervisor by the Cognizant Operations Engineers 
of the affected subsystems. A training package was prepared and sent 
along with the new equipment to the locations involved. 
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The mission dependent training consisted of classroom instruction 
and training exercises conducted at each facility. Also included were 
^n-ho^e” operational tests designed by the Facility Director who 
a"ed as training controller, to exercise the Viking configuration. 

A comprehensive training package was also provided each station 
by the Network Operations Project Engineer to assist in this pha 
of training . The package included lists of Viking Lander and Orbiter 
I«nds , from which the stations produced Mylar command tapes for 

their use, and also instructions for operator training in ^ 

- All Viking unique computer type-ms tor stanaaia 

operations , plus those used for troubleshooting and failure 

pnd recovery, were included for use m conjunction with the Standa 

to he accomplished with the Simulator Conversion Assembly a^a seif- 
4 . • ^ VTVinu c;-narecraft telemetry simulator, using the lixea 

“ftSrLIfSpe; P “ie^ by the Network Operations Project Engineer. 


G. 


testing at compatibility test AREA 21 


1. . Activity Summary ; - I ; 

Illllhe Network Compatibility Test Area 21 at P« 

^S^Saksiria^^^. 

at Cape Canaveral, Florida, and to verify continued Network-Flight 
ftojert interface compatibility with flight spacecraft before the 
1975 launches . 

Project policy called for testing of inter* 

cent syst *r s °s t ^ integration Tests began with the Viking Orbiter 
* S !^ Viking Lander System, Launch and Flight Operations System, 

Viking * Mi s s ion and Control Computing Center System, and the Trac mg 
and Data System. 

From April 6 through June 2k, 19TU, twelve system integration 
tests in which multiple data streams were passed between the Stations^ 
aldlhe clntlol CentL were performed. The test ^ 
real data types and data rates , and were handled by all of the hard 
waS ana software in the Station and Control Center in exactly the ■ 
i Network and Control Center performances in 

same way as ^ ‘and processing the data were considered a measure 

o^the^ readiness of the' entire Ground Data System to enter live mission 
support . 
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During the summer of 1974, the system test phase of the 
telecommunications compatibility test program was completed. 

These tests provided the basis for the establishment of telecommunica- 
tions system design compatibility between the Network, the Viking Lander 
and Viking Orbiter, and a simulated Network-multiple spacecraft con- 
figuration for the Mars planetary orbital operations . Subsystem 
design compatibility tests were successfully completed during 1973, 
while system verification was to be performed in Florida in 1975- 

The system phase of the telecommunications compatibility test 
program also served as a basis for requirements for five Design Com- 
patibility Tests that were performed successfully between July 15 and 
August l4, 1974. / 

Previous to the above testing, the Viking Lander system develop- 
ment model was shipped to Jet Propulsion Laboratory (March 1973) for 
development compatibility tests with the Network in Compatibility 
Test Area 21. Four weeks of radio frequency . tests were completed at 
that time in both the single and dual-uplink environment without any 
anomalies being detected. No further tests with the Viking Lander 
were then required until June 1974 when the Lander was, as noted, 
again brought to Test Area 21 to begin the final radio frequency com- 
patibility test series in conjunction with the Viking Orbiter. 


2. System Integration Tests 

'LA These tests were conducted in four phases : (l) test of the 

Network — Control Center interface for Lander telemetry, (2) test of 
the interface for Orbiter telemetry, (3) test of the interface for the 
Viking Lander — Viking Orbiter command, and (4) test of all functional 
interfaces simultaneously with maximum loading. The Viking configura- 
tions, for Test Area 21 used for telemetry and command tests are shown 
in Figs , 45 and 46. -7 

Overall responsibility for conduct of the integration testing 

was assigned to a Test Conductor provided by the Control Center. The 
Network Operations Project Engineer acted as coordinator for the 
Network. He was supported by the Network Control System and the 
Network Analysis Group . 

Among the problems during the performance of the integration tests 
were those of dual commanding, bit stream anomalies in the 1-kbps 
science data, timing problems between the Control Center Simulation 
Center and the Ground Communications Facility in testing high-rate 
Orbiter data, and failure in maximum loading at l6-kbps playback from 
the Orbiter. These problems are reported in the following System- 
Integration Test summary. 


131 



H 

OJ 

ro 



PRE 

AMP 


PRE 

AMP 




DDA 1C 
DDA 2C 
DDA 3C 
DDA 4C 


DDA TCP I 

1 OR 2 

EDA 1 1 
5SA K 


DDA 1 


5DA 1 C 
5DA 2 c 
SDA3C 
TAPEc 


SSA 1 


TAPE 

SDA 10 — 

TCPs 

SDA 20— 

SSA 1 

SDA 30- 

SSA 2 

TAPE O— 

TAPE 



SSA 2 


SDA 6 C 
SDA 4 C 
SDA 5C 
TAPEC 


SDA 6 0 

SDA 4 0 
SDA 5 0 
TAPEC 


SSA 3 


) DDA 1 
3 BDA 1 

SSA IC 
SSA 2C 

3 BDA I 
3 DDA 2 

3 DDA 3 

3 BDA 2 

SSA 3C 

SSA 4c 
3 BDA 2 

3 DDA 4 


BDA 1 


3 DDA I 
> DDA 2 


ALL c 
SDAs 


SSA 2C 
BDA 1C 


BDA 2C 
SSA 3 c 


TCP 1 


DDA 2 


DDA 3 


^-0 DDA 3 

BDA 2 ALL 0 

J— ODDA4 SDA: 


3 WBDL 
3HSDL 
3 REC 


3HSDL 
) REC 

3WBDL 

3 

3 REC 


3 WBDL 
3 HSDL 
3 REC 


WB 
INTER-I 
FACE 
PANELl 


TCP 2 



3 WBDL 
3 

3 REC 


HSDL 

CJM 


TCP IC 
TCP 2C 
DDA 1 C 
c 

DDA 3 C 


ANT ANTENNA 

BDA BLOCK DECODER ASSEMBLY 

BLK BLOCK 

CJM COMMUNICATIONS JUNCTION' MODULE 

DDA DATA DECODER ASSEMBLY 

DIR COUP DIRECTIONAL COUPLER 

DODR DIGITAL ORIGINAL DATA RECORD 

EXC EXCITER ASSEMBLY 

HSDL HIGH-SPEED DATA LINE 

PRE AMP PREAMPLIFIER 

RCVR RECEIVER ASSEM3LY 

REC RECORDING SUBSYSTEM 

SDA SUBCARRIER DEMODULATOR ASSEMBLY 

SSA SYMBOL SYNCHRONIZER ASSEMBLY 

TCP TELEMETRY AND COMMAND PROCESSOR 

TDL TELECOMMUNICATIONS DEVELOPMENT LABORATORY 

WB WIDEBAND 

WBDL WIDEBAND DATA LINE 


Fig. ^5- Compatibility Test Area 21 Viking telemetry configuration 
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Fig. 46 . : Compatibility lest Area 21 Viking command configuration 
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a. Dual Commanding . Although a standard station con- 
figuration provided that only a single spacecraft he commanded at 
any specific time, Test Area 21 required dual command capability to 
satisfactorily conduct compatibility testing. The first attempt to 
achieve this on May 1 failed, and the only retest of the series was 
required. 

At the time of System Integration Test No. 7, Test Area 21' s 
second exciter (Block IV) was not fully implemented, and the hardware 
and software workarounds to use the Block III exciter failed because 
the exciters could not be emulated. However, on the May 10 retest 
dual commanding was accomplished. In addition, the Lander telemetry 
interfaces operating In parallel with the command interfaces were 
verified. Lander direct data at 8-1/3 bps and 250 bps were success- 
fully processed. 

On May 1 the unfinished portion of the Test 5 (April 23) sequence 
that called for dual Lander command interface verification in both the 
automatic and manual modes was completed. In completing the sequence, 
dual command was simulated by simultaneously conducting "in core" 
Orbiter commanding in the 360/75 computer. Orbiter commanding objec- 
tives were the same for Test 6 (April 26) as the Lander objectives 
of Test 5- Test 6 objectives were met and the test sequence completed. 

b. Data Stream Anomaly . During the Test 7 rerun, a Lander 
science data bit stream anomaly previously observed in Tests 1 and 2 
(April 16 and 19) was isolated to the Simulation Center 360/75 com- 
puter — Ground Communications Facility interface. In the Test 1 
Lander telemetry interface, specified rates were Lander direct 
engineering data at 8-1/3 bps, science data at 250 and 500 bps, and 
science playback data at 1 kbps. Thirty-seven of 45 science formats 
were tested satisfactorily, but the bit stream anomaly appeared on 
the remainder . 

Objectives of Test 2 were to verify the telemetry interface 
while processing three Lander telemetry data streams . With maximum 
interface loading for Lander 8-1/ 3-bps engineering, science at 1 kbps, 
and also Lander data playback from Track 8 of the Orbiter at 16 kbps, 
format verification was completed on the orbiter science data, and 
engineering data was processed without problems. Again, as in Test 1, 
a bit stream anomaly was observed within the 1-kbps science data 
stream. "/I- 


c. Timing, Loading Problems ... Luring Test 2, timing problems 
between the simulation center 360/75 and the Ground Communications 
Facility precluded effective testing at bit rates in excess of 4 kbps. 
Although this test included the independent Lander telemetry, maxi m um 
loading at l6-kbps playback from the Orbiter was accomplished. This 
problem, which reoccurred in Tests 3 , 4, and 11, was attributed to the 
simulation center — Ground. Communications Facility interface. Orbiter 
telemetry testing was deferred and replaced with the command testing 
phase. 
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In Test 3 (May 4), which was to verify telemetry interfaces 
for a single Orhiter, the timing problem still existed, but was less 
evident on the 50-kbps wideband data line.' The Mission Test and Com- 
puting Facility could not process the high-rate 8-kbps data for time 
periods greater than approximately 2 minutes, and Test Area 21' s Sim- 
ulation Conversion Assembly could not lock on the l6-kbps data generated 
from the simulation center. 

In Test 4 (May 7), with the loading configuration requiring both 
Orbiter data streams (33-1/3 bps and 16 kbps) and a Lander science data 
stream a,t 1 kbps, the loading objective was met . Yet the l6-kbps data 
stream could not be sustained by the Control Center simulation center 
for a period exceeding 1 to 2 minutes. This simulation constraint was 
isolated to the simulation center 360/75 — Ground Communications 
Facility interface. Only the 50-kbps wideband data line was exercised 
during the test . 

The second phase of Test 11 on June 8 (two Orbiters and Lander 
telemetry and command) simulated all the nominal data interfaces to be 
used during a planetary or full loading pass from an overseas station. 

It was required that the 28.5-kbps wideband data line interfaces be 
exercised by processing two Orbiter high-rate data streams simulta- 
neously at 1 6 and 18 kbps. The configuration operated successfully, 
but data processing at Mission Control Center could not be sustained 
while using the 28.5-kbps wideband data lines. This was considered a 
Mission Test Computer problem and not related to the Telemetry and . 
Command Subsystem or Ground Communications Facility. All high-rate 
data streams were generated by Test Area 21' s Simulation Conversion 
Assembly as the simulation center — Ground Communications Facility 
problems had not been resolved. Test 11 verified the multiple space- 
craft telemetry and command data at maximum data rates , processed 
simultaneously. The Telemetry and Command Processors were able to 
process data at maximum loading (one 8-l/3-bps and two l6-kbps Orbiter 
data streams) while commanding the Lander from one Telemetry and Com- 
mand Processor and the Orbiter from the other. The configuration 
simulated all the nominal data interfaces, including monitor data, 
that were expected during a planetary pass. 

On June 1, Test 10 (two Orbiters and Lander telemetry) verified 
the interfaces could handle the loading of multiple spacecraft tele- 
metry data streams at maximum bit rates . The simulation center gen- 
erated all of the high-speed telemetry data rates , while Test Area 
21’ s Simulation Conversion Assembly generated the wideband data rates. 
The Control Center simulation center high-speed data streams were 
8-1/3 bps, 33-1/3 bps, and 1 kbps. Test Area 21 produced l6-kbps 
wideband data streams using the Simulation Conversion Assembly in the 
stand-alone mode. Using the high-speed data lines and the 50-kbps 
wideband data line, the data rates were all successfully processed. 

The System Integration Tests closed on June 24 with Test 12, 
which was a repeat of Test 11. Conducted in four phases, the test 
was successful in parts of the first and second phases : ( l) transfer 
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and process six telemetry data streams in real time using the 28 . 5 ~kbps 
wideband line and the high-speed data line, and (2) replay the 7- and 
9-track Digital Original Data Record recorded during Phase 1 while con- 
tinuing to process real-time data in one Telemetry and Command Data 
string. Neither a repeat of Phase 1 using the 50-kbps wideband line 
nor a repeat of Phase 2 for data recorded during Phase 3 was successful. 


d. Ground Data System Test. The principal difference between 
the System Integration Tests and a related Ground Data System 1 test 
on July 1 was the use of as much of the Ground Data System as possible. 
In this test, verification of end-to-end telemetry processing of the 
Orbiter and Lander data rates was sought. However, during the short- 
loop high-speed wideband portion of the test, problems with wideband 
simulation thwarted test objectives. It was determined by checking out 
wideband communications hardware (Ground Communications and Mission 
Control and Computing Facility) that a problem existed in the Mission 
Control and Computing Facility (software) operating system that resulted 
in only the first 40 bits of each 2400-bit wideband data block being 
saved for use by other programs. A software correction was made in 
real time and data were correctly processed in short-loop configuration. 
A retest was performed successfully July 20 to complete the test 
objectives. The Telemetry and Command Systems were successfully tested 
with the minor problems experienced being corrected. 

It was then concluded as a result of the System Integration Tests 
and related Ground Data System testing that the Network and Control 
Center were ready to support the Data System Compatibility test effort . 


3. Design Compatibility Tests 

Five Design Compatibility Tests were successfully completed from 
July 3 to August l4, 1974. They provided an end-to-end verification 
of the integrity of the Ground Data System design under typical mission 
loading conditions. Starting with the modulated radio frequency ■ . 
carriers ' input to Compatibility Test Area 21, the data were sequentially 
processed through the stations , passed across. the Ground Communications 
Facility to the Control Center, and finally displayed in the Mission 
Support Area. , Maximum loading conditions were established that included 
six simultaneous telemetry data streams, two / command streams , one monitor 
and one tracking data stream during the testing 

iphe test configurations were; (l) Lander direct link telemetry and 
command; (2) Orbiter telemetry and command; (3) spacecraft telemetry and 
command; (4) Lander relay telemetry and command; and (5) two Orbiters 
and Lander telemetry and command. 

The first attempt on July 15, in configuration (l) failed to 
demonstrate that Ground Data System design was compatible with Lander 
S-band direct link telemetry and command capability. On the retest two 
days later, all objectives were met, with all Lander data rates (0-1/ 3, 
250 , 500 bps, and 1 kbps) successfully processed simultaneously with 

commands . 
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All objectives were met for configuration (2) on July 21 with 
telemetry data rates 8-1/3, 33-1/3 bps and 1, 2, 4, 8, and 1 6 kbps being 
simultaneously processed with Orbiter commands. 

After demonstration (July 22) that commands were transmitted to 
the mated spacecraft with verification and evaluation via the downlink 
telemetry streams in configuration (3), the uplink phase of the test 
was completed August 8. Telemetry data in the mated configuration at 
data rates (8-1/3 and 33-1/3 bps; 1 and 2 kbps) were processed 
simultaneously with commanding. 

Ground Data System compatibility with Orbiter telemetry data 
containing both prerecorded Track 8 and real-time telemetry data 
relayed from the Lander in configuration (4) was’ demonstrated 
August l4. Telemetry data rates 8-1/3, 33-1/3 bps, and 1, 2, 4, 8, 
and l6 kbps for the prerecorded data, as well as telemetry data at 
8-T/3 and 33-1/3 bps, and 4 kbps, uncoded, were processed. Orbiter 
commanding was conducted simultaneously with the telemetry processing. 

A failure of Channel 2 of the Telemetry and Command Processor at Test 
Area 21 did not compromise the tests because the redundant computer was 
put into use . 

Demonstration that the Ground Data System was compatible with 
multi space craft environment in configuration (5) was completed in a 
two-day test (July 31-August l). Six simultaneous telemetry streams 
(two at 8-1/3 bps, one at 33-1/3 bps, two at l6 kbps, and one at 
1 kbps) were successfully processed simultaneously with Lander and 
Orbiter commanding. Minor problems (the result of inadequate time for 
transfer tests prior to test start) were caused in simulation of one 
8-l/3-bps data stream and the processing of 8-1/ 3-bps data. 

4. Spacecraft Telecommunications Compatibility Tests 

System level testing of the Network- Viking Project Telecommunica- 
tions Test program was completed during the summer of 1974 at Jet 
Propulsion Laboratory. The detailed results of the test program are 
given in Ref . 10 . The testing was between Compatibility Test . 

Area 21, which simulated a Deep Space Station, and the Viking proof 
test Orbiter, the spacecraft test Lander, and a simulated multiple 
spacecraft configuration. For the later configuration, the Orbiter and 
Lander were located in the Spacecraft Assembly Facility. A radio fre- 
quency transmitter in the screen room at Test Area 21 simulated the 1 
second Orbiter S-band downlink . ■ L. t :\,v - V- Vi 

Ground station procedures and test design criteria and test 
parameters were prepared by the Network . Spacecraft telecommunications 
design performance criteria and test parameters were prepared by the 
respective Orbiter-Lander telecommunication teams. All test procedures, 
which included test parameters and performance criteria, were approved 
jointly by the Network and Flight Project representatives under the 
dire ction of the Viking Telecommunications Working Group . 
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These tests, whose objectives included establishment of 
prerequisite data bases for performing the Design Compatibility Tests 
described in paragraph 3 above, are discussed separately here. 


a, Network-Viking Spacecraft Test Lander Compatibility. For 
the Lander tests, the spacecraft test Lander was located in the screened 
room of the Spacecraft Assembly Facility and Test Area 21 was config- 
ured to represent a Network 64-meter station. An S-band radio 
frequency air link was established between the spacecraft test Lander 
and Test Area .21, The Network established a pretest calibration of 
this air link to ah amplitude stability of +0.2 dB. The program used 

in the tests was the released version of the telemetry and command 
software, which was to be used to support the mission. 

This program was (l) to prove telecommunications design 
compatibility between the Network and the Viking spacecraft test 
Lander in accordance with the Master Integrated Test Plan; (2) to 
prove Network single spacecraft performance prior to the conducting 
of the multiple spacecraft radio frequency compatibility tests ; and 
(3) to provide prerequisite data bases for performing the data compati- 
bility tests (l through 5 ) , which establish flow system interface 
compatibility from the spacecraft via the Network to the Control Center. 

Sixty hours of testing established telecommunications systems 
design compatibility between the Lander spacecraft and the Network, and 
also proved Network-single performance prior to the conducting of the 
multiple spacecraft radio frequency compatibility tests. The detailed 
results of the tests are given in Ref. 10. 

b. Deep Space Network -Viking Proof Test Orbiter Compatibility . 
The Orbiter proof test spacecraft was located in the Space Simulator 
building 150 and the S/X-band radio frequency links were established to 
Test Area 21 for these tests. Both the S- and X-band links were cali- 
brated by the Network, and radio-frequency amplitude stability was 
established for a 3-sigma measurement of 0.2 dB for S-band and 1.0 dB 
for X-band. With the exception of Block IV receiver/exciter (an engi- 
neering prototype), the Test Area 21 was configured to simulate a.l/, 
64-meter station using operational, hardware and Telemetry and Com- 
mand Subsystem software. 

The objectives of these tests were: (l) to establish Network/ 

Viking Orbiter telecommunications compatibility for telemetry, command, 
tracking, and metric data in accordance with the Viking Project Master 
Integrated Test Plan; (2) to provide baseline criteria for analysis of 
the multiple carrier interference effects in the multiple spacecraft 
radio frequency compatibility tests; and ( 3 ) to provide prerequisite 
data bases for performing data compatibility tests. 
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Ninety hours of testing established Network-Viking Orbiter 
telecommunications compatibility for telemetry, command, tracking, and 
metric data. It also provided baseline criteria for analysis of the 
multiple carrier interference effects in the multiple spacecraft RF 
compatibility tests. There was excellent coordination between the 
spacecraft and this test area despite the compatibility testing being a 
second priority in the Spacecraft Simulator. Detailed test results are 
given in Ref. 12, 

c . Deep Space Network-Viking Multiple Spacecraft Compatibility . 
The test spacecraft Orbiter and Lander were located in the Spacecraft 
Assembly Facility during these tests. A test transmitter, to simulate 
the second Orbiter with an S-band radio-frequency downlink capability 
only, was installed in the screen room of Test Area 21. S/X-band 
radio-frequency air links were established between the Orbiter space- 
craft and Test Area 21, while interface with the Lander was estab- 
lished with an S-band radio-frequency air link between Test Area 21 and 
the Spacecraft Assembly Facility. To support these tests, Test 

Area 21 provided two simultaneous S— band uplinks and received and pro- 
cessed telemetry data from three simultaneous downlinks. 

The objectives of the compatibility tests wore : (l)_to verify 

the performance and operational capability of the Network in a multiple 
downlink carrier environment; (2) to ascertain the performance of the 
Orbiter and Lander under predicted radio frequency interface conditions; 
and (3) to provide baseline criteria as a prerequisite to conducting 
the multiple spacecraft data compatibility tests (DCT-5). 

d. Test Description. In addition to the standard compatibil- 
ity tests with all radio frequencies at their nominal _ rest values, the 
following tests were performed to simulate the potential frequencies of 
the flight spacecraft under expected doppler effects and S-band power 
levels during Mars orbital operations. These special radio frequency 
interference tests are described below. (The proof test Orbiter was on 
radio-frequency Channel 9, the spacecraft test Lander was on radio- 
frequency Channel 13, and the test transmitter was assigned to radio- 
frequency Channel 20. ) 

(1) False uplink acquisition with ranging: with S-band radio- 

frequency Channels 13 and 20 uplinks adjusted to expected 
Orbiter radio-frequency received levels at Mars distances, 

■ ; ranging modulation was applied to Channel 13 uplink, and 
the uplink was swept through the assigned Lander channel. 

The Orbiter was observed for acquisition of a ranging 
sideband, with subsequent loss of downlink radio-frequency 
lock. 

( 2 ) -False command acquisition with ranging: a single, Channel 20 

uplink was tuned to a specified offset from the assigned 
channel frequency. Command and ranging modulation were 
then applied, and the carrier was swept through Channel 20. 
The Orbiter was observed for radio -frequency and command 
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acquisition, and the Lander was observed for radio- 
frequency acquisition. 

(3) Radio metric degradation with ranging: with the Orbiter 

and Lander both in the two-way mode, the Lander uplink was 
set to an expected Orbiter radio-frequency received level, 
and ranging acquisitions of the Orbiter were conducted to 
obtain reference performance data. The Lander uplink 
(Channel 13) was then tuned to a specified offset from the 
assigned channel frequency. Ranging modulation was 
applied to the Channel 13 uplink, and the uplink was swept 
through the frequency band. During the sweep of Channel 13 
uplink, continuous ranging acquisitions of the Orbiter were 
obtained, and data were analyzed for variations in range 
delay . 

(4) Viking Lander telemetry degradation by the Viking Orbiter 

high-rate telemetry: with the Orbiter and Lander both in 

the two-way mode, a baseline telemetry performance test was 
conducted. The Orbiter uplink was then tuned to specified 
frequency offsets, and all telemetry channels, at each 
frequency offset, were observed for performance degradation 

(5) Command and telemetry degradation with ranging: with the 

Orbiter and Lander both in the two-way mode, one Lander 
uplink was set to an expected radio-frequency Orbiter 
received level, and continuous commands were sent to the 
Orbiter to obtain reference performance data. The Lander 
uplink (Channel 13) was then tuned to a specified offset 
from the assigned channel frequency. Ranging modulation 
was applied to the Channel 13 uplink, and the uplink was 
swept through the frequency band. The: Orbiter was 
observed for loss-of-uplink lock, command anomalies, and 
telemetry degradation . 

e . Test Results . The results of the 40 hours of tests estab- 
lished telecommunications system design compatibility between the 
Viking multiple spacecraft and the Network. The following comments 
describe test results from the series of special radio-frequency 
interference tests reported above. 

In the special tests, radio frequencies selected to generate 
radio-frequency interference represent considerable offsets from 
assigned center frequency values. However, each of those frequencies 
is considered possible during the mission. The total offset from 
assigned center frequency was derived from consideration of the 
voltage- controlled oscillator drift, temperature effects, and orbital 
doppler shift. The absolute value of the frequency offset for each 
test is provided in the discussion below. 

Interference from ranging sidebands will occur only during range 
acquisitions; Immediately following a range acquisition, the code is 
advanced to the clock component (Cp) only, and all sidebands around 
higher-order components disappear. 
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The following are the results from the special test (False uplink 
radio-frequency acquisition with ranging) described' in d(l). The 
Orbiter uplink (Channel 9) was acquired by the fifth sideband of the 
second ranging component on the Lander uplink (Channel 13) at a signal 
level of -137 dBm. The Orbiter was also acquired by the tenth sideband 
of the third ranging component at a signal level of -150 dBm. These 
results were as predicted from theoretical analysis. For this test, 
the Channel 13 uplink was inadvertently set 9 dB below the expected 
value. The expected interfering levels are, therefore, 9 dB higher 
than those observed in the test. The frequency offset of Channel 13 
was 77-3 kHz below assigned center frequency. 

The results of these tests are described in detail in Ref. 10. 

5. Conclusions 

The Deep Space Network-Viking telecommunications compatibility 
tests at Compatibility Test Area 21 established that the Network and 
the Viking Orbiter and Lander telecommunications links had met inter- 
face specifications and that no incompatibilities existed. They also 
provided confidence that if a radio frequency link interference or 
problem occurred during flight operations, the interference effects 
would be reasonably well understood. The formal radio-frequency 
compatibility test program had been completed on schedule as a result 
of the close coordination and cooperation of the organizations involved. 

The next phase of the compatibility test program was scheduled to 
begin at the Merritt Island Station in late January 1975 after trans- 
portation of the flight spacecraft to the launch site at Kennedy Space 
Center, Cape Canaveral, Florida. 

D. SPACEFLIGHT TRACKING AND DATA NETWORK - MERRITT ISLAND TESTING 
1 . General 

Beginning in January 1975 and ending in early July, the Space- 
flight Tracking and Data Network - Merritt Island Station MIL-71 partic- 
ipated in a series of Viking spacecraft command and telemetry com- 
patibility tests with communications support by the NASA Network Com- 
munications and operational support by the Network Operations Control 
Center. Separate tests were performed with the Viking Landers and Vi- 
king Orbiters and Viking Spacecraft 2 (combined Orbiter and Lander). With 
these tests , the telecommunications integrity of the flight spacecraft 
was finally verified. 

: V Data System Tests were also an integral part of the radio fre- 7; 
quency compatibility test program, covering equipment configuration and 
performance, a Systems Integration Test, a Ground Data System Test, 
Flight-Article Compatibility Tests, Mission Precursor Tests , Communica- 
tions, and Network Control Center support. The station Command System 
configuration used for the Data System tests is shown in Fig. 47. 

Figure 48 shows the Station Telemetry Subsystem configuration for 
mated- space craft tests in which both Lander and Orbiter telemetry was 
received on the Orbiter downlink. The Station Telemetry Subsystem 
configuration for the Lander Flight Compatibility Test in which 
telemetry was received on the Lander direct downlink is given by 

.Fig.: 49 .' ^ ■ '■> ■ ;.P 
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CMA COMMAND MODULATOR ASSEMBLY 
HSDL HIGH-SPEED DATA LINE (4.8 kb/s) 

ODR ORIGINAL DATA RECORD (DIGITAL) 

TCP TELEMETRY AND COMMAND PROCESSOR 

VL VIKING LANDER 

VO VIKING ORBITER 

Fig. 47. Merritt Island Station MIL-71 command configuration for 
Viking Orbiter and Lander: Tests 


The Simulation Conversion Assembly of the Station Test and 
Training Subsystem was operated in the computer-remote ("long-loop") 
mode to support telemetry simulation for the System Integration and 
Ground Data System Tests, and was operated in the computer-local 
("stand-alone") mode for pretest telemetry data transfer verification 
in each of the remaining tests. During these tests, there were no 
failures in the Simulation Conversion Assembly. A couple of malfunc- 
tions occurred in the Command Subsystem, and several failures were 
encountered in the Telemetry Subsystem. 

Test results gave assurance that the Station, Control Center, and 
Communications were effectively used as elements of the Ground Data 
System for premission engineering tests and flight team preliminary 
training. However, the successful support of the tests required exten- 
sive use of redundant equipments, particularly those in the telemetry 
subsystem. ■■■ 

The most persistent problems encountered during the Data System 
Compatibility Test were related to low reliability of Data Decoder 
Assemblies and the Block Decoder Assembly hardware . Command Subsystem 
performance and Simulation Conversion Assembly performance were very 
Satisfactory. Ground communications performance was also quite satis- 
factory. The Network. Data Processing functions provided useful, 
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DDA DATA DECODER ASSEMBLY* 

HSDL HIGH-SPEED DATA LINE 
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Fig. 48. Merritt Island Station MIL-71 telemetry configuration for 
viking Orbiter and Lander Capsule mated spacecraft tests 
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independent Network validation of command and telemetry status, within 
the constraints of the present implementation. No software problems in 
the Station subsystems nor in the Network Data Processing Area appeared 
during the testing. 


2 . System Integration and Ground Data System Testing 

The System Integration Tests for the Station to Mission Control 
Center interfaces simulated Orbiter, Lander, and Spacecraft command 
operations and processing of dual-subcarrier telemetry data using the 
configurations shown in Pigs. 47 and 48. 

Test activities were scheduled over two days (January 9 and 
February 18). Discrepancies found the first day included a timing 
problem in the Data Decoder Assembly -that introduced frequency errors 
in the Lander 500-bps and 1-kbps block-coded telemetry data, and errors 
in the Orbiter l 6 -kbps block-coded telemetry data caused by the Block 
Decoder Assembly on Channel 3 of the Telemetry and Command Processor A. 
No discrepancies were found February 18 . 

Subsequent to the January 9 testing, intensive troubleshooting and 
testing at the Station prepared the station for the Lander telecommuni- 
cations radio-frequency compatibility testing of January 30 through 
February 7 . Prior to February 18 , two engineering verification tests 
were conducted with Network Operations Control Center Support. 

Conducted March 11 and 18, Ground Data System test No, 7.0 
sequence was equivalent to the System Integration Test sequence as far 
as the Network was concerned. However, the test involved more output 
and display processing for the Mission Control Center. Yet, despite 
several equipment malfunctions at the Station on March 11, more than 
half of the tests objectives were completed through use of backup 
capability . Problems and solutions included: 

(1 ) With failure of the tape unit on Telemetry and Command 
Processor A, medium rate data were paralleled through the 
B Processor to obtain a good Digital Original Data Record. 

(2) When Subcarrier Demodulator Assembly No. 1 would not lock 
up on data from the receiver, the second unit was used to 
the end ; of the tests . 

(3) Data Decoder Assembly Al, which was assigned to Telemetry 
and Command Processor Channel 3 for the test, put the wrong 
time in the wideband data blocks ; not impacting the real- 
time processing of high-rate data, it did cause impact on 

I? 9-track Original Data Record playback. 
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(4) When Command. Modulator Assembly Wo. 2 gave alarms that 

would not clear with reinitialization, the Lander-direct 
command operation was transferred to Command Modulator 
Processor A, Assembly No. 1. 

The Ground Data System Test was successfully completed on 
March l8. On that date, the only Network anomaly encountered was a 
10-minute data outage that occurred when a symbol synchronizer assem- 
bly and the Block Decoder Assembly did not acquire lock when the data 
rate was changed from l6 kbps to 2 kbps. A reinitialization of 
Telemetry and Command Processor Channel 3 cleared the problem. 


3. Mission Precursor Testing 

a Objectives. An Orbiter precount and Lander Capsule pre- 
launch checkout was performed during the precursor launch pad opera- 
tions with spacecraft A. This activity was designed to verxfy ^opera- 
tions with the spacecraft from launch minus 6 days (L - b days) to 

launch. The secondary objective was to involve the Flight Operations 
System (launch and cruise configuration) in these tests to determine 

the capability to receive and analyze data to determine launch rea l 

ness. Additionally it was used to actively verify command compati- 
bility and final prelaunch update compatibility to the lander via the 
orbiter and to the orbiter . 


y .. Results. The Mission Precursor Tests were conducted with . 
the mated spacecraft mounted on the launch vehicle with S-band tele- 
communications from the Orbiter. During the Flight Events Demonstra- 
tion on April 1, the Merritt Island Station received low- and high-rate 
telemetry on the Orbiter link and also processed low-rate telemetry 
received from nearby near-Earth stations. No commanding was required, 
and no problems were experienced. On April 2, the Station again 
experienced no problems during an Orbiter precount test . The test . . 
involved remote' commanding as well as telemetry processing over the 
full range of data rates . 

The prelaunch checkout precursor was conducted on April 3 with 
the test sequence including Orbiter commanding and Lander-capsule 
commanding through the Orbiter. Telemetry included both Orbiter and 
Lander data on the Orbiter subcarriers . At the start of the test. 
Command Modulator Assembly No. 2 was not ready to be turned over to the 
Project. The Command System Cognizant Operations Engineer at Jet 
Propulsion Laboratory isolated the problem and instituted a temporary 
fix! During this test, the Data Decoder Assembly started putting the 
wrong time in the wideband data blocks output on channel 3 of the 
Telemetry and Command Processor. After trying a front panel reloa , 
and replacing the Frequency and Timing Subsystem drawer without cor- 
recting the problem, Data Decoder Assembly No. 2 was assigned to 
Channel 3 of the Telemetry and Command Processor. 
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The Terminal Countdown Demonstration was conducted on April 5, 
with the test sequence essentially that of the Flight Events Demon- 
stration Test. Merritt Island Station's function was receiving and 
processing telemetry from the spacecraft and nearby near-Earth stations. 
The test was completed successfully despite another Data Decoder timing 
problem and a large number of data block error bursts in the NASA 
Communications Network line. 


U. Flight-Article Compatibility Tests 

a. Objectives . The Flight-Article Compatibility testing was 
designed to verify that the flight configuration of the Flight Opera- 
tions System was compatible with the flight spacecraft. Tests 3 and k 
were performed at Kennedy Space Center with Lander Capsule 1 and 
Orbiter 1. Te^o 1A and IB were performed at the same space center with 
Lander Capsule 2 . • The communication link between the Test Facility and 
the Viking Mission Support Areas at Viking Mission Control and Comput- 
ing Center were via the Merritt Island Station. Test No. 2 was con- 
ducted in Pasadena with Orbiter 2 and communications via Compatibility 
Test Area 21 to the Viking compatibility test area at the Viking 
Control Center. 


k. Description and Results . Test No. 2 was designed to demon- 
strate that the Flight Article (Orbiter 2) was compatible with the state 
of the Flight Operations System Ground Data System, which was to be used 
for the 1975 launch. The Orbiter was placed in typical mission modes, 
rates, and formats with the telemetry link configured for the pre- 
dicted nominal level. The Orbiter was initialized by system test equip- 
ment to the state required to begin the test and the data transmitted 
to Mission Control Center for processing with the mission operations 
software. The test was conducted at Compatibility Test Area 21 on 
January 20 while Orbiter 2 was still in the Spacecraft Assembly 
Facility prior to shipment to Kennedy Space Center. This test was 
supported satisfactorily by the test facility, Ground Communications 
Facility, and the Network Control Center, with the Viking Compatibility 
Test Manager as supervisor and with participation by the Viking Flight 
Teamv 

I- On April 10, Test No. 3 proved the compatibility of data to and 
from the Flight Spacecraft (mated Orbiter 1 and Lander l) and the 
Ground Data System. Specifically, Lander preseparation and Format 1 
data were passed across the Lander /Orbiter hardline interface and tele- 
metered on the Orbiter downlink. It was demonstrated that the Flight 
Lander was capable of receiving and processing commands through the 
Flight Orbiter from the Ground Data System. The Merritt Island Station: 
transmitted the commands to the Lander both remotely from the Mission 
Support Area and locally with mylar tapes . The Flight Orbiter demon- 
strated playback capability of Orbiter data at selected rates while in 
the mated configuration. Specified downlink states were processed 
while the telemetry link was configured for the predicted nominal 
level. This, provided data points for any degradation in the overall 
end-to-end data processing system. After spacecraft trouble delayed 
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the test 3-1/2 hours, the Station overcame Block Decoder Assembly 
problems by switching to backup equipment. Command and telemetry 
stream processing was not impaired despite the telemetry time tags 
being in error for a short while. Recall of Original Data Record was 
not required at the end of the test. 

In Test No. 4, the Lander transmitted real-time and stored science 
and engineering data in selected formats to the Orbiter via the relay 
transmitter at 4 and 1 6 kbps. The Orbiter recorded the data on 
Track 8 of one of the Digital Tape Recorders, and either relayed the 
4-kbps Lander data directly on the Orbiter High-Rate Channel at 
4 kbps, or played back the Digital Tape Recorder Track 8 later at each 
of the High-Rate Channel data rates, 1, 2, 4, 8, or l6 kbps. The; 
multimission Ground Command System or the Orbiter computer was used to 
command data modes and rates on the Orbiter, and the Lander was con- 
trolled by Systems Test Equipment or the Guidance Control and 
Sequencing Computer. 

Specified downlink states were processed with the telemetry 
configured for the predicted nominal level. This provided data points 
for any degradation in the overall end-to-end data processing system. 

The Lander/Orbiter was initialized by the ground system test 
equipment to the state required to begin the test. This was accom- 
plished by direct test equipment to Lander and Orbiter communication 
links and the Mission Control Center and Merritt Island Station. 

Test No. 4 was conducted on April 15 with the test sequence repre- 
senting the command and telemetry activities related to the Lander 
capsule separation, descent, entry, and Mars landing events of the 
mission. The very high frequency link from the Lander capsule to the 
Orbiter was by cable. Spacecraft anomalies encountered during the test 
extended the time required to complete the test. There were no 
equipment malfunctions and only one procedural problem. 

Test No. 1 was to be a telemetry and command test involving, the 
Mission Control Center, the Merritt Island Station, and the Lander 
Capsule 1. Test No . 1 was divided into two sequences . Part 1 
established the Direct Communication System uplink/downlink. Part 2 
was representative of a typical landed science sequence and Direct 
Communication System transmissions . : The Updates contained in Part 1 
were verified by Memory Readout prior to execution in Part 2, Com- 
manding was accomplished from the Mission Support Area, which was also 
used for monitoring Lander Capsule 1 telemetry data. ..... 

Specified downlink states were processed with the telemetry link 
configured for the predicted nominal signal level. This provided data 
points for any degradation in the overall end-to-end data processing 
system . 
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On April 17, Test No. 1 was conducted with the test sequence 
representing a set of Lander activities on the Martian surface with 
direct S-band telecommunications. Because of input/output? Control 
problems in Telemetry and Command Processor A, the Merritt' island 
Station was configured to use B string as the prime string at "test 
start" time. However, when the A string was reloaded and verified, the 
unit was declared prime and used through the remainder of the test. 

The B string was kept in a hot backup mode. Data Decoder A1 had a bad 
timing error problem and was not used. In the final hour of the test, 
when the downlink was acquired in the Network Control Center, the high- 
rate telemetry data was good, but, the low-rate telemetry (8-1/ 3-bps) 
output was poor because of fluctuations of the signal-to-noise ratio. 
Therefore, the low-rate telemetry from the B string was added to the 
high-speed data line and validated in the Network . Operations Control 
Center. After completion of the test, a test of the string A low-rate 
channel determined that a simple, two type-in, reinitialization of the 
channel eliminated the signal-to-noise ratio fluctuations. Support of 
command activity was satisfactory throughout the test as it was in most 
of the previous tests. 

5. Communications and Operations Control Center Support 

The satisfactory operation of voice, high-speed data, and wide- 
band data circuits provided by. the NASA Communications Network and 
the JPL Ground Communications Facility was vital to the success of these 
tests. Within the implementation constraints, the Network Operations 
Control Center performed admirably throughout the tests , relying on 
the Block II System configuration to provide real-time displays of telem- 
etry data and command system data received via high-speed data line. The 
Block II System implementation does not provide any real-time 
displays of telemetry data received via wideband data line; therefore, 
the only visibility of wideband telemetry was by Block I line printer 
dumps of data blocks, which was an awkward and time-consuming method to 
validate telemetry system, status.. (Block III Network Control System 
implementation provides real-time wideband telemetry displays . ) Also, . \ 
there were no station monitor data available in the Network Operations 
Control Center nor . at the Merritt Island Station because the Station 
does hot. have a monitor, subsystem. 

6. Orbiter, Lander, Spacecraft Radio-Frequency Compatibility 

Testing ■ ■-.■.-It-q 

The series of tests that verified telecommunications design 
compatibility between the Merritt Island Station and the Viking 
Landers, Orbiters , and Spacecraft at the Kennedy Space Center, 

Florida, began in January 1975 with Viking Lander 1. Support cooper- 
ation between the launch operations teams, spacecraft teams and the 
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Station technical staff was excellent and most objectives were met . 
(Design compatibility had been previously established between the Deep 
Space Network and the spacecraft radio modules at Compatibility Test 

Area 21. 

Ground station software used in performing these tests was a 
subset of software officially released to the station for Viking 
Project support. The software consisted of the Telemetry and Command 
program, which provided independent control of the commanding and 
telemetry functions . Commands could be controlled manually from the 
station or automatically from the Mission Control Center. Telemetry 
could be decoded, formatted, and transmitted to the Mission Control 
Center for decommutation and display. 

a> Viking Lander 1. From January 30 through February 7, 

65 hours of test time were expended in verifying Lander 1 direct 
communications links. Tests were performed for verifying transponder, 
radio-frequency, command, telemetry, and radio metric compatibility, as 
well as verification of synchronization under varying data patterns . 
Radio-frequency link amplitude variations were a maximum of 1.0 dB_ 
peak-to-peak as established from link stability tests conducted prior 
to the initialization of the compatibility test program. Fig. 50 shows 
the test configuration. 

Criteria established for radio-frequency acquisition, command 
performance,, metric data, telemetry performance with and without dop- 
pler, and Network Operations Control Center telemetry verification were 
met. The 8.33-bps engineering data and the 250-bps block coded data 
were received by the Control Center and verified as good. 

b. Viking Orbiter JU These compatibility tests were conducted 
from February 27 to March 1; in all, 24 hours of test time were 
expended in verifying Orbiter 1, Although all tests specified were not 
completed and the air link signal variations during many of the tests 
exceeded the expected variations, sufficient tests were completed to 
verify that no incompatibility existed between the Network and 
Orbiter 1. The test criteria and parameters simulated direct communi- 
cations between an Orbiter flight article in Mars orbit and a 
64-meter antenna station . : A selected set of standard tests , as sp 
fied, was performed for verifying transponder, radio-frequency, 
command, telemetry and radio metric compatibility. An S-band, two-way 
radio frequency air link, and an X-band, one-way radio -frequency air 
downlink were used between the flight article and the ground station. 
Each radio-frequency air. link was approximately seven miles long. 

The test configuration is shown in Fig. 50. 

The Telemetry and Command Program provided independent control of 
the commanding and telemetry handling functions. Commands could be ^ 
controlled manually from the station or automatically from the Mission 
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Control and Computing Center, and telemetry could be decoded, formatted 
and transmitted to the same Control Center for decommutation and 
display . 

The Planetary Ranging Assembly Program provided either continuous 
spectrum or discrete spectrum operation for determining very accurate 
range estimates of a spacecraft at planetary distances. 

The following radio-frequency acquisition and tracking tests were 
conducted: 

(1) Downlink threshold one-way. 

(2) Uplink threshold. 

(3) Downlink threshold two-way. 

( 4 ) Spacecraft receiver pull-in range and rate. 

(5) Carrier residual phase jitter. 

(6) Transponder rest frequency. 

(7) Auxiliary oscillator frequency. 

Telemetry tests performed were: 

(1) Downlink Spectrum Analysis. 

(2) Modulation Index. ..>7 

(3) Spectrum Analysis. 

( 4 ) Telemetry Performance Test. 

In most instances where criteria were not met, the causes were 
procedural errors. 

On March 3, a posttest calibration of the radio frequency link 
( S-band and X— band) was performed. A three-hour S-band differenced 
range vs integrated doppler stability run was performed using the 
Planetary Ranging Assembly software to establish initial ranging 
acquisition and estimate drift changes over 5-minute sample ■ periods . /■; 

A histogram of deviation vs number of samples is shown in Fig. 51. 
During the same time period, an S-band amplitude stability run was 
performed. Each printout showed the mean, automatic gain control ;v 
voltage, the one sigma standard deviation and the number of samples 
averaged over a 10-minute period. In similar fashion, a 2 hour and 
10 minute X-band differenced range vs integrated doppler stability run 
was performed. The data associated with this test are shown in 
Fig. 52. 
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c. Viking Spacecraft 1. This 6-hour compatibility test was 
conducted at the Kennedy Space Center, on March 22. Objectives of the 
test were to verify in the full spacecraft configuration the capability 
of Orbiter 1 to receive Orbiter commands and reject Lander Capsule 
commands, and to verify in the spacecraft configuration the capability 
of Lander 1 to receive Lander Capsule commands and reject Orbiter 
commands. An S-band radio frequency air link of approximately three 
miles was used between the flight article and the ground station. The 
test configuration is shown in Fig. 50. 

Command tests were performed to verify Orbiter/Lander command 
discrimination in both command detectors. 


d. Viking Lander 2. These tests were performed from 
April 7 through 9 for 24 hours. Test objectives were to verify 
telecommunications design compatibility between the Deep Space 
Network and the flight Lander 2. The test criteria and parameters 
simulated direct communications between a lander flight article on Mars 
and a 64-meter antenna Deep Space Station. A selected set of standard 
tests was performed for verifying transponder, radio-frequency, com- 
mand, telemetry and radio metric compatibility. 

An S-band radio-frequency air link of approximately three miles 
was used between the flight article and the ground station. Radio- 
frequency link amplitude variations were a maximum of 1.0 dB peak-to- 
peak during the tests as established from link stability tests con- 
ducted prior to the initialization of the compatibility test program. 
The test configuration is shown in Fig. 50. 

Radio frequency tests performed were: 

(1) Carrier acquisition and threshold. 

(2) Downlink one-way. 

(3) Uplink one-way. 

(4) Downlink two-way. 

(5) Spacecraft receiver acquisition. 

(6) Pull-in range. 

(7) Tracking range and rate. 

(8) Downlink phase jitter . 

(9) Residual carrier phase jitter. . 

(10) Residual subcarrier phase jitter. A 
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(11) Radio -frequency downlink spectrum analysis. 

(12) .Transponder rest frequency (voltage-controlled oscillator). 

(13) Auxiliary oscillator frequency. 

The test criteria for these tests were met. For those tests without 
criteria., the data were obtained for information. No significant 
problems were; encountered or identified. 

Metric data tests performed were: 

(1) Ranging polarity verification. 

(2) Ranging acquisition threshold. 

(3) Ranging delay verification. 

The polarity of the transmitted ranging signal was verified at strong 
uplink and downlink signal levels . No significant problems were 
encountered or identified as the criteria for ranging delay measure- 
ments were met . 

A telemetry test was performed of telemetry performance with ^ and 
without doppler . The criteria for this test were met without signifi- 
cant problems being encountered or identified. 

e. Final Radio-Freq uency Compatibility Tests . Tests were run 

between the Merritt Island Station and Orbiter 1 at Cape Canaveral on 
May 27-29, and then with Viking 2 (Orbiter and Lander combined) on 
July 7. The latter, marked the successful completion of formal radio- 
frequency telecommunications testing between the Deep Space Network and 
the Viking Project for the 1975 mission. . ■ 

For Orbiter 1, the final procedures and test plans were approved 
during a meeting of the Deep Space Network/Viking Orbiter Telecommuni- 
cations Representatives at Cape Canaveral. The. total test time was 
28 hours. All tests given in Ref. 11 were completed although specified 
performance criteria for auxiliary oscillator No. 2 and. low-rate 
telemetry were not actually met. The extent of completion of tests 
achieved within the scheduled time period was due. in large measure to 
the excellent support provided by the Jet Propulsion Laboratory/ ;y ■ v 
Spacecraft Tracking and Data Network (Merritt Island) and spacecraft 
teams. The objective of the. tests was to verify telecommunications 
compatibility between the Deep Space Network and Orbiter,. The test 
criteria and parameters simulated direct communications between an 
orbiter flight article in Mars orbit and a 6U-meter Deep Space Station. 


repkoducbility of Uib 

OKBIKAL l’AGF. IS POOR 
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Orbiter 1 was located in the clean room of Building AO at the Air 
Force Eastern Test Range, and configured for mission operations. An 
S-band two-way radio frequency link and an X-band one-way radio fre- 
quency downlink were utilized between Orbiter 1 and the Merritt Island 
Station. 

S-band radio frequency link variations were 0.5 dB peak-to-peak 
during the test. These conditions existed during daylight and evening 
hours on May 28 and 29. X-band radio frequency link variations were 
1.0 dB peak-to-peak during evening hours when critical X-band testing 
was being performed. 

Radio frequency acquisition and tracking tests performed were: 
r (l ) Downlink threshold one-way . 

(2) Uplink threshold. 

(3) Downlink threshold two-way. 

(4) Spacecraft receiver pull-in range and rate . 

(5) Carrier residual phase jitter. 

(6) Transponder rest frequency. 

( 7 ) Auxiliary oscillator frequency. 

Problems were not encountered during a test of command capability 
under doppler conditions and none were encountered in radio metric data 
tests . . 

All objectives of the radio metric tests were met, including 
simultaneous S/X ranging, which was accomplished for the first time 
between the Network and a flight spacecraft. Simultaneous delay 
measurements were within 3 ns of previously measured individual delay 
measurements . S-band link amplitude stability performs, nee during this 
test was 1 dB peak-to-peak, and X-band was 2 dB peak-to-peak. 

Telemetry tests performed were modulation index and spectrum analysis, 
and telemetry performance test . 

The Viking Spacecraft tests were successfully completed within 
the scheduled time period of 11 hours. . The objectives of the compat- 
ibility tests were to verify, in the spacecraft configuration, the 
capability of (l) Orbiter 2 to receive Viking Orbiter commands and 
reject Viking Lander Capsule commands, and (2) Lander 2 to receive 
Viking Lander Capsule commands and reject Viking Orbiter commands. 
Command tests performed were (l) Orbiter /Lander Command Discrimination 
Test (Side l) , and (2) Orbiter/Lander Command Discrimination Test , ^ 
(Side 2) 
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f. Conclusion . The successful completion of the Deep Space 
Netvork/Viking Project Telecommunications Compatibility Test Program 
established telecommunications compatibility as evidenced by the 
successful launch of the Viking spacecraft on August 21 and 
September 9 , 1975 . 

The importance of a formal compatibility test program was clearly 
demonstrated by the problem areas uncovered, verified, and resolved 
during the testing. Prominent problem areas resolved during the test 
program were : 

(1) Verification of Network capability to receive simultaneous 
multiple downlinks, and to process and transmit data to the 
Mission Control and Computing Center, 

(2) Verification of false uplink acquisition by the Viking 
Orbiter and Lander with S-band radio frequency channels 13 
and 20 modulated with command and ranging. 

(3) Ranging modulation polarity inversion by the Block IV 
exciter . 

(4) Inverted pulse polarity of the Frequency and Timing 
Subsystem 1-k pulse per second to the Telemetry and 
Command Processor, which resulted in command symbol 
period alarm/ aborts . 

( 5 ) The Orbiter 1 radio frequency subsystem auxiliary 
oscillator No. 2 was found to be 800 Hz below design 
center frequency, 

( 6 ) A transitory increase in spacecraft receiver automatic 
gain control when discrete ranging modulation as turned 
on ana during a ranging acquisition sequence, 

( 7 ) Viking Orbiter 2 automatic gain control remaining 
positive during a sweep acquisiti >r until the uplink 1 / 
frequency ramp function is terminated. . 

These and other problems, undetected lud unr arrived prior to 
launch, would have presented serious operational problems to the Deep 
Space Network and Viking Project during the mission. 

E. NETWORK TESTING 

1. Concepts of Network Testing 

The concept of Network testing at the Network level is based on 
the three phases of network activity shown in Fig. 53. As the facility 
implementation is completed. System Performance Tests are conducted to 
verify that system requirements have been satisfied. These tests are 
specified and carried out by the Network System Engineers . ,/ 
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Fig. 53. Three phases of Network activity 

Following this phase, the Network Operations Project Engineer 
carries out a family of tests using the particular mission configuration 
required hy the Project. Finally, with the mission configuration veri- 
fied, the station personnel carries out a set of operational tests to 
demonstrate their ability to operate the equipment in any of the con- 
figurations that might be called for in the actual flight operations . 

This series of tests played a significant part in preparing the 
Deep Space Network for support of Viking, and, because they are fre- 
quently referred to throughout this report, are described more fully as 
follows . 


a. System Performance Tests. The purpose of the Telemetry, 
Command, Monitor, or Tracking System” Performance Tests is to demonstrate 
that each system meets the specified level of performance when tested 
simultaneously with operational software. The tests normally are 
conducted with hardware that has been transferred fromthe development 
to the operations organization and software that has been transferred 
to the Network Program Library. The test procedures make use of all . 
elements of the Deep Space Station subsystems within a given station 
and provide a basis for Station system-level maintenance, performance 
Verification, and prepass testing. The successful completion of a ■■ ■ 
System Performance Test verified that the system meets documented 
specifications and qualifies it for Network-level support on a 
mission-independent basis. 


158 


33-783, Vol. I 


The main prerequisites to running a System Performance Test are: 

(1) Implementation of Station/Ground Communications Facility 
and Network Operations Control Center. 

(2) Hardware and software transferred to Operations. 

(3) Facility mission-independent training complete. 

The tests are conducted by the Cognizant Operations Engineer for 
the particular System under evaluation. 


b. Mission Configuration Tests. The purpose of the Telemetry, 
Command, Monitor, or Tracking Mission Configuration Tests is to demon- 
strate that the Network system(s) meets the specified level of perfor- 
mance when tested singly or simultaneously in the Viking configurations 
specified' in the Network Operations Plan, The tests utilize software 
and hardware that have been transferred to Operations and are run with 
all elements of the Network, Stations, Ground Communications , and 
Control Center . Test procedures provide the basis for system-level 
maintenance, performance verification, and prepass testing. Successful 
completion of the tests verifies the Network's capability to support 
the flight Project. 

Before Mission Configuration Tests are run, the Network must be 
in the correct flight project configuration and the System Performance 
Tests must have been completed. 

Mission Configuration Tests are supported by Station, Ground 
Communications, and Network Control Center personnel as required and 
conducted by the Subsystem Cognizant Engineer at the direction of the 
Network Operations Project Engineer or his designate. 

c. Deep Space Network/Viking Mission Control and Computing 
Center System Integration Tests. These tests verify the interface 
between elements of the Deep Space Network and the Viking Mission 
Control and Computing Center . All data flow interfaces are verified at 
data rates expected during mission operations. These data also verify 
hardware interfaces in a multiple-mission environment . ; if ill; 

■ Successful completion of the Network Performance and Configura- 
tion Tests and some Operational Verification Tests are prerequisites to 
the System Integration Tests, However , while Operational test comple- 
tion is desirable, it is not mandatory as operational procedures are not 
necessarily followed during these tests . 
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The Viking System Integration Tests were run under the direction 
of the following personnel: 

(!) Test Supervisor: Mission Control Center Facility 

Engineer. 

( 2 ) Test Conductor: Mission Control Center Integration Test 

Supervisor. 

(3) DSN Test Support: Viking Network Operations Project 

3 Engineer System Cognizant Operations Engineer, and 

Network Operations Analysts, plus station, comunications , 
and Network Operations Control Center personnel as 
required. 

(k) Performance Evaluation: Viking Ground Data System 

Engineer . Y. 

" : d ' ■ Operational Verification Tests . The purpose of these tests 

*° rSS and the - 

^ Network personnel 

procedures , interfaces, and valuable 

ISSSt “eS and 

^r/tk^m^/ort^station^o -d manual _ds and carry 
out telemetry hit rate changes in the time specilie 

Y The first tests with any facility SpKt^ 

training coupled with pe: rfc 'since all Station, 
diminishes progressively as , , Onerations Control opera- 

Ground Communication Facility and Network Ope ah viking 

tional shifts of personnel “^^ggfS^tests al specified til 
; operations Project Engineer must initiate extra tesu 

times . 

q P+i c factory completion of Software Acceptance Tests for all 

tion Tests at any deep space station. 

2 , Network Test Schedule Changes 
Although the 26-meter stations 

additions for Viking, the 64 me stations (43 and 63) were 

ment installations. The oyerse, as a fter launch, 

not scheduled to he fully implemen implemented to support 

Station 14, however, was scheduled to he fully 
the Project prelaunch planetary tests m January 19 0 
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The implementation-complete milestone for Station l4 was 
digitally scheduled for September 15 , 19?4. It first moved to mid- 
October, then mid-November, early December, and finally to January 4, 
1975, a total slip of 3-1/2 months. 

.The generation of procedures for Network System Performance Tests 
and Mission Configuration Tests, and actual test accomplishment, had 
originally been scheduled to take place between September 15 and mid- 
November; time was also scheduled during this period for on-site 
mission-independent: training and mission-dependent training. Then 
followed^ a six-week period to January 1 , 1975, during which time the 
station freeze for Network support of Pioneer 11 Jupiter encounter 
precluded accomplishment of Performance or Configuration Tests at the 
Mars Station (l6) , Station Operational Verification Tests were to 
commence in mid-November and be completed on March 1, 1975, overlapping 
with Network/Mission Control Center System Integration Tests during 
February 1975. 

Because of the lack of hardware, the on-site mission independent 
and mission dependent activities were moved to January and the multi— 
mission Performance Tests had to be cancelled. The mission— dependent 
Configuration Tests, which provide for adequate testing of the Network 
systems to Viking specifications, started on December 21, 1974. The 
Operational Verification Tests were then compressed and rescheduled to 
start the first week in February 1975; the length of each test and 
number of tests were reduced, but more tests per week had to be 
scheduled. 


3. Mission Configuration Tests 

For the Mission Configuration Tests, software and hardware that 
had been transferred to Operations were used and the tests were run with 
all elements of the Network, Stations, Ground Communications Facility, 
and Network Operations Control. 

Mission Configuration Tests conducted in the periods from 
December 21, 1974, to January 5, 1975, consisted solely of isolating 
and rectifying hardware failures and interface problems mostly related 
to the newly implemented Viking telemetry and command configurations. 

No meaningful test results were obtained, but numerous necessary minor 
modifications to the hardware and streamlining of test procedures were 
accomplished. ■ / 

A test on January 8, 1975, resulted in data. passing successfully 
through the three telemetry channels of Telemetry and Command Data 
Subsystem 1. Subsequent tests through February 3, 1975, resulted in 
completion of all telemetry strong signal tests and completion of 
Command System tests on the alpha Block III Receiver/Exciter Subsystem 
string. 
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The completion of these tests qualified Goldstone Station l4 to 
support the Network Operational Verification Tests, and Network/Mission 
Control Center System Integration Tests. 

Final transfer of the Block IV Receiver/Exciter and some associ- 
ated equipment from engineering to operations was required to permit 
completion of weak signal telemetry system tests and the remainder of 
the Command and Tracking System Tests prior to the Viking Project 
Ground Data System tests and Planetary Verification Tests. The extra 
time required for this testing, which was necessitated by the . equipment 
failures and debugging activities, was obtained by reducing Pioneer, 
Mariner, and Helios tracking coverage. 

Figures 54 and 55 represent tk'fc. status of the 64-meter and primary 
Viking 26-meter subnets, showing the planned vs actual status as of 
mid-April. The initial blocks of time, as previously stated, represent 
the strong signal tests preparatory to start of Operational Verification 
Tests, System Integration Tests, and Ground Data System Tests. The 
second time blocks represent the low-signal telemetry bit error and 
doppler jitter tests, which do not affect the station configuration and 
are carried out on a noninterference basis for completion prior to 
launch . 

Summarizing the test status, all the stations Were on or ahead of 
schedule and there was a high degree of confidence that all remaining 
tests would be completed prior to launch as scheduled.. 

However , a significant change from earlier planning was brought 
about by the decision to implement the second 26-meter subnet (Deep 
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Fig. 55 • Mission Configuration Test status for Stations 42, 
43, 6l, and 63 as of May 15, 1975 

Space Stations 12, 44, 62) prior to the first Viking launch, hut by 
the end of June the majority of the Mission configuration tests for 
these stations had been performed, and the operational verification 
tests had just been completed. 

Table 10 shows the mission configuration test status of the 
64-meter, primary 26 -meter, and secondary 26 -meter subnets, indicat- 
ing actual testing status as of July 1, 1975* 

4. Operational Verification Tests 

Operational readiness of the Network to support the Project 
Test and Training and Operational Phases was verified by Operational 
Verification Tests. These tests demonstrated the proficiency of 
Network personnel in the use of operational procedures, interfaces, 
an d equipment. They also demonstrated that Network personnel were 
adequately trained and, in addition, provided valuable training. 
Operational Verification Tests followed a time-compressed sequence 
of events designed to exercise all Network operational procedures and 
confirm the ability of the stations to send manual commands and carry 
out telemetry bit rate changes in the time specified. 

Deep Space Stations 11 , l4, 42, 43, 6l, and 63 completed 
Operational Verification Tests between February 5 and April 17 , 1975 , 
and appeared qualified to support the Viking Mission. The planned 
schedule was for the stations to support System Integration Tests 
after each station shift had participated in at- least one Operational 
Test . These tests were to be completed with all shifts prior to 
support of the first Ground Data System Test at that station. How- 
ever , these criteria could not be met at Goldstone Station l4 . A 
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recurring problem during the tests was with the Simulation Conversion 
Assembly, with much of this procedural failure a result of operator 
unfamiliarity with the Assembly. 

Station 11 performed seven Operational Tests, only one of which 
was considered a failure. This failure occurred because data transfer 
delays were compounded by Simulation Conversion Assembly and Data 
Decoder Assembly hardware problems. The failures were isolated and 
rectified. Data Decoder Assembly hardware problems also occurred on 
two other tests. The one during Test No. 7 occurred on the Telemetry 
and Command Subsystem string, forcing a changeover to the backup. The 
transition and the repair of the Simulation Conversion Assembly during 
the test was considered excellent. 

Seven tests also were performed at Station l4, with familiarity' 
being gained with Viking planetary configuration and procedures . Two 
Data Decoder Assembly failures coupled with Simulation Conversion 
Assembly procedural problems on Test No. 2 used up 3-1/2 hours of 
test time. However, the knowledge gained resulted in the pretest 
calibration procedures for the 6-channel Simulation Conversion 
Assembly being generally overhauled. Again on Test No. 5, two 
decoders were down and a bad simulation tape was discovered. Yet, 
all objectives, except recalls, were met. On Test No. 4, only four 
telemetry channels could be used because Block Decoder No. 2 and 
Data Decoder Assembly No. 4 were faulty. Only Original Data Record 
recall could not be accomplished. Test No. 3 missed the playback 
portion because data transfer with the Simulation Conversion Assembly 
delayed the test start. All objectives were met on Test No. 7. 

Problems during the six tests at Station 42 resulted from 
unfamiliarity with the Simulation Conversion Assembly, operator error 
during an Analog Original Data Record playback, delay caused by 
Simulation Conversion Assembly to Subcarrier Demodulation Assembly 
data routing, inability to locate frame synchronization of 8.33$ bps, 
and the prime processor string being down. Test No. 6 was perfect 
and Australian Deep Space Station 42 was judged qualified for support. 

The only test performed at Station 43 was partly successful 
because of delays created by problems with simulation on channels 5 
and 6. 

Procedural errors and an attempt at Data Original Data Record 
recall failed on Test No. 1 at Station 6l in Spain. Test Nos. 2 . 
and 3 were completely successful. 

All three tests at Station 63 were successful despite a slight 
core allocation problem in the Simulation Conversion Assembly core 
buffer during Test No. 1. A mated-Lander commanding was successfully 
performed on Test No . 3 as an added sequence of events item. 
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By J.uly 1, 1975, the 64-meter and prime 26-meter subnets were 
considered trained to support Viking cruise operations. During the 
previous two months, Stations 43 and 63 had completed cruise phase 
operational verification tests. Station l4 and the prime and sec- 
ondary 26 -meter nets had completed cruise and planetary operational 
verification tests. The stations had also supported Viking System 
Integration Tests, ground data system tests and various others of 
the project-related test series including flight operations person- 
nel test and training. No problems were anticipated on future 
support of the latter tests.. Stations 43 and 63 would be supporting 
planetary phase operational Verification tests after launch and 

encounter . The Network Operations Control Team had achieved 
the desired level of Viking mission-dependent training proficiency 
required for Viking cruise support. The Mission Configuration Test 
program would be complete prior to launch. 

Initial Acquisition Operational Tests had been scheduled for 
Stations 42 and 44 in Australia later in July to exercise the initial 
acquisition strategy produced by the Network and concurred by the 
Viking Project. These were the final tests to verify launch and 
cruise readiness. 

Configuration control for Viking was applied to all stations 
on July 1, 1975* 

F. FINAL PRELAUNCH OPERATIONS 

1. Launch Readiness Reviews 

The final stages of prelaunch operations began with the Deep 
Space Network -Viking Launch Readiness Review of July 9 and continued 
to the twice-delayed launch of Viking A on August 20. Another formal 
Launch Readiness Review was held July 22 and there was an update on 
August 6. At the time of the reviews, the scheduled launch date was 

August 11. 

.y. Requirements for Network launch and cruise support capability 
presented in the July reviews are shown in Table 11 . 

After the status reports at the July 9 review, the Deep Space 
Network was considered fully prepared to support both launch and 
cruise operations . . The ..progress summary showed the completion of ■ 
implementation of Viking launch and cruise configuration at all 
facilities with minor (no impact) exceptions , integration tests 
with the Viking Mission Control and Computing Center, operational 
tests and training at all stations except 42 and 44, the ground data 
program with Stations 12, 44, and 62 the only exceptions , and the 
radio frequency and Data Compatibility Tests. with both spacecraft: 
with no liens against them. Flexibility for network allocation was 
provided, by the second 26 -meter antenna station subnet. Negotiations 
had been set up for any conflicts between Viking and other Projects 
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Table 11. Launch and cruise capabilities considered in July reviews 

26-meter subnet (Stations 11, 42, 6l, 12, 44 , 62 ) 

Single uplink ( command) 

Single downlink (telemetry) 

One low rate, plus one medium or high rate data stream 
One high speed data channel 

Digital Original Data Records with manual recall 
S-band doppler 

S-band ranging at DSSs 11, 42-43 (shared), and 61-63 (shared) 
64-meter subnet (Stations l4, 43, 63 ) 

Single uplink (command) 

Single downlink (telemetry) 

One low-rate, plus one medium- or high-rate data stream. 

One high-speed data channel 

Digital Original Data Records with manual recall 
S-band doppler 

Planetary ranging in S- and X-band (Station l4) 

Doppler on S- and X-band (Station l4) 

One wideband data channel 

Radio science very long baseline interferometry (Stations l4, 43) 
S-band ranging at Stations 11, 42—43 (shared), and 61-63 (shared) 
Ground communication 

One high-speed (4800 bps) channel per 26-meter and 64-meter 
station- 

One wideband (50 kbps) channel to. Station l4 

One wideband ( 28.5 kbps) channel to Stations 43 and 63 in 
November 1975 
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Table 11 (contd) 


Network Operations Control Center 

Block III configuration for telemetry 

Telemetry, command, tracking, monitor, and data validation 
Manual recall from Digital Original Data Records 
Predicts and Network sequence of events generation 
Network Operations Control 


for tracking support . The Engineering Change Order management system 
provided prompt visibility for potential areas of concern. Also, 
all significant Viking Incident, Surprise and Anomaly Report/ 

Discrepancy Reports were closed with the balance to be cleared by 
July 22. 

At the July 9 review, concern was expressed for anticipated 
complication of Viking cruise support with the Pioneer and Helios 
spacecraft support. 

Figures 56 and 57 show the status of the Tracking and Data 
System Schedule and the Flight Operations Test Schedule as released 
with the July 9 review report. 

By the second review in July, telecommunications compatibility had 
been established between the Network and both Viking Orbiters , Landers, 
and spacecraft; also all known problems and Network operational consider- 
ations were resolved and documented. 

In summary, it was stated that Network launch capabilities were 
complete, additional cruise capabilities were on schedule, all config- 
urations and interfaces had been tested, station crew training was 
complete, Network-Spacecraft compatibility was established, and con- 
figuration control was in effect. 

2. Configuration Control, Freeze 

To ensure that all the Network facilities maintained the "ready" 
state for the launch and cruise support, the facilities had been placed 
under configuration control on July 1. Under these conditions, the 
facilities could be returned to the Viking configuration in less than 
12 hours from notification. Then, on July 22, modified configuration 
control was placed on all deep space stations. This meant that Engi- 
neering Change Orders could be initiated, for Viking planetary imple- 
mentation as well as other projects, without prior concurrence by the 
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Fig. 56. Viking Project Tracking and Data System Schedule at July 9 review 
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Viking Network Operations Project Engineer or the Network Manager. 
Configuration freeze was applied to initial acquisition stations in 
Australia on August 10 at the conclusion of a Configuration Verifica- 
tion test. This test concluded with the stations configured for the 
initial acquisition pass and automatically prohibited from supporting 
any other spacecraft tracks. The control and freeze activity is shown 
in a bar chart timeline form in Fig. 58 . 

3. Initial Acquisition Strategy 

The initial acquisition strategy was jointly worked out by the 
Network, and Viking flight team members. Several safeguards had to. 
be part of the initial acquisition configuration plans (1) to ensure 
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ONE DAY FREEZE ON FACILITIES 
INVOLVED IN EACH M/C 



GCF GROUND COMMUNICATIONS FACILITY 
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Fig. 58. Network. configuration control for Viking 
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spacecraft acquisition by the ground transmitter signal, the S-band 
Acquisition Antenna had to be used, and, (2) to avoid receiver sat- 
uration, when receiving downlink on the S— band Cassegrain Monopulse 
Antenna, the Maser Bypass Mode was necessary. The Project desired 
to run a Canopus star map prior to Canopus star lock, a maneuver that 
required a 720— degree roll of the spacecraft. Because the attitude 
of the spacecraft was such that nulls greater than 40 dB were antici- 
pated, the uplink transmitter was required on the high-gain scan 
antenna, necessitating a reconfiguration by the station from the 
acquisition antenna to the Cassegrain antenna. 

It was agreed to by all concerned that the station reconfiguration 
should be done at L + 1 hour 36 minutes , but since telemetry was criti- 
cal at that time, the reconfiguration had to be accomplished without loss 
of telemetry, which meant that Station 42 could not simply turn off its 
transmitter and reconfigure as this would result in loss of two-way lock 
resulting in loss of about one minute of telemetry data. 

The plan worked out to accomplish the station up and downlink 
reconfiguration was to transfer the uplink to Station 44 while Station 
42 reconfigured its transmitter and maser, then transfer the uplink 
back to Station 42. This unusual transfer permitted the reconfigura- 
tion and ensured that valuable bioshield telemetry data would be 
continuously received. . 

The initial acquisition, initial conditions at Stations 42 and 
44, and the strategy are illustrated as a function of time in Fig. 59. 

4. Network Testing and Training/Near Launch 

The test and training effort was concluded on August 10 (one 
day before the scheduled launch of Viking A) with the successful com- 
pletion of the Network Configuration Verification Test program. 

By July 30 all committed deep space stations had successfully 
completed the system-level mission configuration and test program that 
started October 1, 1974. These tests included: Telemetry System strong 

and weak signal performance and simulation tests , as well as planetary 
phase testing at Goldstone Station l4; Command System tests; Monitor 
and Control System tests; System tests (radio metric data); and Sim- 
ulation System tests . : r 

The launch/ cruise series of Operational Verification Tests also 
were completed with Stations 11, 12, and l4 at Goldstone; 42, 43, and 
44 in Australia; and 6l, 62 , and 63 in Spain, The personnel manning 
the stations, the Ground Communications, and the Network Operations 
Control Center were considered fully trained to support the launch 
and cruise phases of the Viking mission. 

Then effort was directed toward the training of personnel at the 
prime and backup stations in Australia for the initial acquisition of 
the Viking spacecraft downlink signal and subsequent establishment of 
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uplink capability (command, ranging, etc.) with the spacecraft. The 
initial acquisition sequence was to occur shortly after spacecraft 
injection into the trans-Mars trajectory and separation from the 
launch vehicle. 

Although "prime crews" were designated for the actual launches, 
initial acquisition Operational Verification Tests were conducted with 
all crews at Stations 42 and 44, as well as the Network Operations 
Teams at the Jet Propulsion Laboratory. Dual-station initial acqui- 
sition Operational Verification Tests with simulated anomalies also 
were conducted. 

An Operational Readiness Test was conducted by the Project on 
August 6, providing a final check on the ability of the Stations, the 
Ground Communications Facility, and the Network Operations Control 
Center to support the launch and cruise phases of the Viking mission. 


G. LAUNCH OF VIKINGS A AND B 

1. Viking A 

The first launch delay for Viking A occurred on August 11, 
the original launch date. A thrust vector control valve on the 
Titan solid rocket booster stage djd pot respond properly during 
checkout, and launch was scrubbed for that day. With the valve 
replaced, launch was rescheduled for August l4 . However, on August 13, 
the Orbiter batteries were found to have fallen from their normal 
charge of 37 volts down to 9 volts. (A rotary switch aboard the 
Orbiter had been turned on sometime after the launch postponement . ) 

The entire Viking A Spcaecraft was then removed from the launch vehicle 
for disassembly and checking. The already tested Viking B Spacecraft 
was used as a replacement. The necessary work of mating and checking 
was completed and approved on August 15; the launch was scheduled for 
August 20. Between August 17 and 19, the Deep Space Network and Viking 
Mission Control and Computing Center performed an Operational Verifica- 
tion Test with Stations 11, 43, and 6l an Initial Acquisition Test 
with Station 42, and a Configuration Verification Test with Stations 42 
and 44. Then, according to plan, the stations were "frozen" again. 

The successful liftoff of Viking A (now Viking l) occurred at 
21:22:00 (Greenwich Mean Time) on August 20. Every aspect of the 
launch sequence was nominal; ' 

/.. Initial, acquisition of the spacecraft by the Network (Australia's 
Station 42 with Station 44 as backup) occurred at 22:09:56 (Greenwich 
Mean Time). Following initial acquisition, the Deep Space Network 
provided normal cruise coverage . kv. k k" 

The Near-Earth minus count and launch operations for both Vikings 
A and B Missions are in Volume II of this report . .... 
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2. Viking B 

The Viking B launch date had been slipped to September 3 as 
a result of the Viking A launch date change. But, during routine 
spacecraft checks on September 2, a degradation of 3 db in the 
receiver uplink was detected on the high-gain antenna. To . investigate 
this anomaly, the spacecraft was demated from the launch vehicle and 
the shroud removed. The problem was cleared after a complete set of 
new hardware (cables, joints, etc.) was installed between the high- 
gain antenna and the diplexer . The spacecraft was then rechecked and 
remated to the launch vehicle. The revised launch date was now 
September 9 s and all: systems were ready. To insure optimum per- 
formance, additional prelaunch initial acquisition testing was per- 
formed with Stations 42 and 44. These stations again entered a 
configuration freeze condition prior to launch. 

Viking B had successful liftoff at l8 : 39 : 00 (Greenwich Mean 
Time) on September 9- Initial acquisition of Viking B (now Viking 2) 
by Station 42 occurred at 19:27:26 (Greenwich Mean Time) as expected, 
and the Network began providing normal cruise' coverage. 


3. Spacecraft Identification 

Because of the interchange of spacecraft after the Orbiter 
No. 1 battery anomaly on August 12, 1975, there was considerable 
confusion as to the correct spacecraft and mission identification, 
codes. This posed a problem for the Network, in that all the orbiter 
and lander uplink and downlink radio frequencies were associated in 
the operations documentation throughout the entire Network with what 
had suddenly become obsolete spacecraft identification codes. 

On August l4, the Mission director issued the revised Spacecraft 
identification matrix shown in Table 12 to all elements of the Project. 
The Network informed all stations to update all existing documentation 
and instructions. 


Despite the last minute change , there were no reported instances 
of incorrect frequencies or identification numbers being used by the 
Network in the course of the launch and early cruise operations . 
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Table 12. Viking identification matrix for flight spacecraft 


Mission 

ID 


Spacecraft nomenclature 


Spacecraft 

hardware 

Radio channel 
assigned 

Prelaunch 

Post launch 

Pre launch 

Postlaunch 

serial Nos. 

frequency 

Mission A 

Mission 1 

Viking 

space- 

craft 

B 

Viking 

Orbiter 

B 

Viking 

Space- 

craft 

1 

Viking 

Orbiter 

1 

VO-1 

S-band : 

9A ? space- 
craft trans- 
mit 

9B, Space- 
craft receive 








X-band: 

90, Ground 

station 

receive 




Viking 

Lander 

B 


Viking 

Lander 

1 

VL-1 

S-band: 

13A, Space- 
craft trans- 
mit 

13B, Space- 
craft 
receive 

Mission B 

Mission 2 

Viking 

Space- 

craft 

A 

Viking 

Orbiter 

A 

Viking 

Space- 

craft 

2 

Viking 

Orbiter 

2 

VO-2 

S-band: 

20A, Space- 
craft trans- 
mit 

20B, Space- 
craft receive 








X-band: 

aOcy urtusid 

station 

receive 




Viking 
Lander A 
A 


Viking 

Lander 

2 

VL-2 

S-band: 

13A, Space- 
craft trans- 
mit 


13B, Space- 
craft receive 
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APPENDIX 

VIKING TRACKING AND DATA SYSTEM CHRONOLOGY OF EVENTS 


March 19 6 8 

Langley Research Center began in-house technical 
and contractual studies of possible Mars 1973 
Lander Mission. 

August 1968 

National Aeronautics and Space Administration 
funding authority initiated for work regard- 
ing Mars 1973 mission. 

September 1968 

Jet Propulsion Laboratory tasked to conduct 
Advanced Planetary Mission Technology Studies of 
Mars 1973 Mission. 

September - 
October 1968 

Science planning and proposed instrument reviews, 
industrial meetings , etc . 

September 1968 

Preliminary announcement of flight opportunity , 
Mars 1973 Lander Mission. 

November 1968 

Office of Space Science and Applications 
approval of Viking Program: Mars soft landing, 

1973, dual launch, Titan/Centaur launch vehicle, 
modified Mariner orbiting craft. 

December 1, 1968 

Tracking and Data System Estimated Capabilities 
Document published (initial issue). 

January 1969 

Jet Propulsion Laboratory mission operations and 
Tracking and Data System briefings for potential 
Viking project participants. 

February 8, 1969 

Fiscal Year 196>9 Project Approval Document signed 
by the National Aeronautics and Space Administra- 
tion Administration. 

February 10, 19^9 

Viking Project Plan submitted to National Aero- 
nautics and Space Administration Headquarters by 
Langley Research Center, 


Draft Viking Orbiter baseline conceptual design 
completed by Jet Propulsion Laboratory team. 

February 11, 19^9 

Science team selected for Viking instrument 
development and. mission planning. 

February 18, 19&9 

First Viking project management review held at 
Langley Research Center. 
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March 1969 

March 31, 19 69 

May l4 , 1969 

May 29, 1969 
July 1969 

July 8, 1969 

July l4, 1969 

July 15, 1969 
August 1969 
August l4, 1969 

August l8-19* 1969 

September 13, 1969 


Management agreement signed between National Aero- 
nautics and Space Administration Langley Research 
Center and Jet Propulsion Laboratory for Tracking 
and Data Acquisition support activities. 

Viking Orbiter System Manager: H.W. Norris, 

Deputy: K.S. Watkins; Spacecraft Manager: 

A.E, Wolfe — appointed. 

Preliminary Tracking and Data System Master Working 
Schedule completed (issued in Project Management 
Report in July 1 969 )* 

Selection of Martin-Marietta Corp. as Viking Lander 
System and project integration contractor. 

Collins Radio Company selected as prime contractor 
for 64-meter (210-ft) Deep Space Network antennas 
for Spain and Australia. 

Viking Telecommunications Working Subgroup estab 
lished to assure Tracking and Data System to 
Viking telecommunications compatibility. 

Deep Space Network manager for Viking, 

D.J. Mudgway, appointed by Tracking and Data 
System Manager, N.A. Renzetti. 

Formal announcement of flight opportunity , Viking 

Mars 1973 mission. 

Preliminary Data System Development Plan for over- 
seas 64— meter antenna stations. 

Award of fixed-price contract to Collins Radio 
Company for fabrication, shipment, erection, “ d 
test of two 64-meter antennas on overseas sites. 

First meeting of Viking Management Council at ; 
Martin-Marietta, Denver, to review management 
interfaces and evaluate potential problems. , ; 

National Aeronautics and Space Administration 
Lunar and Planetary Missions . Board reviewed and 
endorsed Viking Project Mission as presently 
defined. 
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October 1 969 

V 

1; 

//. .'■ ■ . 

Analysis of launch-to-injection trajectory 
revealed need, for thorough study of near-Earth 
tracking and data acquisition, with likely 
addition of down-range coverage. 

October 7-8, 1969 

First Viking Project Quarterly Review held at 
Langley Research Center. 

October 20 , 1969 

Viking Lander System and Project Integration 
Contract with Martin-Marietta Corp. formally 

by . the Natlonal Aeronautics 
and Space Administration. 

November 3, 1969 

Collins Radio contractor personnel arrive 
on-site in Australia to begin preparation for 
work on 64 -meter- antenna. 

November 19 89 

Network Capabilities Planning Team for Viking 
Project established, to develop baseline config- 
uration of supporting system elements and 
interfaces. 

December 1, 1969 

Release of initial Network Interface Design 
Handbook for Viking. 

December 5, 1969 

Vising science investigators selected by 
National Aeronautics and Space Administration 
administrator. 

January 1970 

Authorization to Commonwealth of Australia 
Department of Sxxpply for tasks related to 
64 -meter antenna station. 

January 13, 1970 

Viking launch period slipped from 1973 to 1975 
opportunity; Jet Propulsion Laboratory and Martin- 
arietta efforts curtailed; schedules reorganized. 

March 1970 

Viking — Tracking and Data System interfaces 
identified (preliminary Tracking and Lata System 
Operations Plan Vol. l). 

May 15 , 1970 

Viking '75 Project Specification (RS -3703001 ) 
signed and released. 

June 1970 

Viking/ Tracking and Data System interface control 
document structure modified, Viking Orbiter/ 
Lander/Launch Vehicle/Tracking and Data System 
Integration Plan established. 

June 22, 1970 

■; ■■ i V ‘ '■ ' 

Site surveying and work begins, Madrid site, for 
64 -meter antenna. 
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July 1970 

July 1970 
July 23, 1970 

August 24, 1970 

September 1970 

September 1, 1970 

September 1, 1970 

September 24, 1970 

October 5, 1970 ' 

November 1970 

January 1971 

February 19 71 
March 1971 

March 15, 1971 

June 1971 

July 1971 
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Authorization to U.S. Naval. Facility, Robledo, 
for tasks supporting 64-meter antenna project. 

Viking Mission Study meeting. 

Type II trajectories decided on for Viking 
flights. ' / . • )) 

: : . // 

Final Data System Development Plan for overseas 
64-meter antenna stations. a?''\ 

Deep Space Station 43 (64-meter antenna, 

Australia) concrete pedestal poured. 

Preliminary near-Earth tracking analysis 
completed. 

Estimated capabilities for Viking 1975 project 
released (rewritten from Viking 73 document). 

Mission definition and preliminary landing 
site selection, signed end released. 

Network Interface Design Handbook (update for 
1975 mission) released. - 

400-kW transmitters deleted from design of 
overseas 64-meter antenna stations, 100-kW trans- 
mitters planned (400-kW to remain at Station l4), 
owing to budget constraints. 

Pouring of concrete for Station 63 (64-meter 
antenna, Spain) begun. 

Network Implementation Schedule released. 

S-band channel assignments (Channels 9, 13, 

16, 20) made for Viking. 

Viking Project Plan (MT 5-131-0) signed and 
released. 

Viking Support Instrumentation Requirements 
Document approved by Project Office (approved 
by Office of Space Sciences 7/29/71, by Office of 
Tracking and Data Acquisition 4/18/72 ) . 

System Development Laboratory at Jet Propulsion 
Laboratory (supplemental flight operations 
facility) completed; occupancy begun. 
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July 5, 1971 


August 23-27, 1971 
October 1, 1971 

October 15 , 1971 

November 1, 1971 
December 1971 

January 31, 1972 

February 1972 

March 1972 

May 8, 1972 

July 1, 1972 
July 3, 1972 

August 1972 

September — 
December 1972 

January 1973 
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Office of Computing and Information Systems 
great ed at Jet Propulsion Laboratory (Manager: 
Aaron Finerman) . 

Initial Mission Design Review. 

Network to Space Flight Operations Facility 
relations altered by National Aeronautics and 
Space Administration Headquarters directive. 

Preliminary version of National Aeronautics 
and Space Administration Support Plan distributed 
for review. 

Functional Specification for Viking released. 

Viking Control and Computing Center System 
formed. 

G.N. Gianopoulos appointed Manager, Viking 
Mission Control and Computing Center System. 

National Aeronautics and Space Administration 
Support Plan revised to match new Tracking and 
Data System interfaces reorganization. 

Mission Control and Computing Center Support 
Plan (analogous to National Aeronautics and 
Space Administration Support Plan) prepared. 

National Aeronautics and Space Administration 
Support Plan approved at Jet Propulsion 
Laboratory. Final approval at National Aero- 
nautics and Space Administration Headquarters 
June 8, 1972. 

Compatibility Test Area 21 ready to support 
Viking tests and training. 

Jet Propulsion Laboratory acceptance of Australian 
64-meter antenna from contractor. 

Network Support Plan for Viking released. 

Dual-carrier investigations and tests con- 
ducted at Station 13, Goldstone. 

Start of first compatibility testing of Orbiter, 
Lander, and Flight Operations System at 
Compatibility Test Area 21. 
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January 2, 1973 


March 30, 1973 

July .15, 1973 

July 31, 1973 
August 31, 1973 

September 1973 

October 10, 1973 

November 1 , 1973 
November 1973 

November 15, 1973 

November 1973 

December 1973 

January 197 *+ 
February 197*+ 

April 1974 
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Jet Propulsion Laboratory acceptance of 
Spanish 6*+-m antenna, from contractor. 

Australian 6U-m antenna begins tracking 
operations. 

Tracking and Data System inputs provided for 
Program Requirements Document. 

Network Preparation Plan (final) released. 

Transfer of Station 63, Spanish 64-m antenna, 
from Engineering to Operations. 

Support Instrumentation Requirements Docu- 
ment update released. 

Resolution of longitude anomaly study and 
conclusion that Network commitment to 2-m 
longitude accuracy (one-sigma) is valid. 

Network Operations Plan (final) completed. 

Initial Block IV receiver/exciter installed at 
Station l4 (first new Viking- support hardware). 

Deep Space Network/Mission Control Center 
Interface Requirements Document updated. 

Network Operations Plan for Viking 
completed. 

Status Review of the Software for the Telemetry 
and Command Processor confirms that design is 
complete and coding underway. 

Implementation of Compatibility Test Area 21 
begins . . ■ . 

Reconfiguration of Compatibility Test Area is 
completed with the engineering version of the 
Block IV Receiver-Exciter. Development of test 
procedures for the radio-frequency compatibility 
tests begins. 

Compatibility Test Area 21 ready to support the 
first system integration tests with Mission 
Control Center. Draft of the NASA Support Plan 
awaiting final guidelines from Headquarters. Net- 
work Control* System support for, launch and cruise now 
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June 1974 


July 1974 


August 1974 


September 1974 


October 1974 


planned for 1 December 1974, Planetary support 
including recall capability with Intermediate 
Data Records planned for 1 February 1976. 

System integration tests with Compatibility Test 
Area 21 and Mission Control Center have been 
completed with six simultaneous data streams at 
all bit rates. Test Area 21 configured and cali- 
brated and ready to support Viking radio- frequency 
compatibility tests. Telemetry and Command Proces- 
sor software ready for transfer to the operations 
program library. National Aeronautics and Space 
Administration Support Plan still awaiting final 
guidelines from National Aeronautics and Space 
Administration Headquarters. 

Compatibility Test Area 21 now ready to support 
data system compatibility tests with Mission Con- 
trol Center Radio- frequency compatibility tests with 
Viking Orbiter and Lander in progress. Critical 
Pioneer and Helios flight support is delaying 
Viking implementation at Station l4. 

All radio- frequency compatibility tests and data 
system compatibility tests using two arbiters , 
and one Lander completed satisfactorily. NASA 
■ Support Plan guidelines received from NASA 
, Headquarters . 

Revised and expanded version' of Network Opera- 
tions Plan approved for release. NASA Support 
Plan for Viking presented for Director’s 
signature. Station 71 and Station l4 imple- 
mentation continuing with some interference 
due to uncertainties in the Helios A launch 
date. Stations 43 and 63 high-power trans- 
mitter installations suffering delays due to 
construction of facilities . 

Helios A launch date uncertainties impacting 
Station 71 implementation. Reconfiguration of 
Station 14 for Viking has bean delayed by support 
required for Mariner 10 second encounter and 
uncertainties in the Helios launch date. Block IV 
receiver— exciter for Stations 43 and 63 continuing 
on schedule. Considerable amount of transmitter 
electronics already shipped to Stations 43 and 63 . 
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November 1974 


December 1974 


January 1975 


February 1975 


l 


Viking pathfinder tests deleted and require new 
schedule for compatibility testing at Station 71* 
Viking reconfiguration at Station l4 completed on 
15 October. Delays have been due to the support 
required for Mariner 10 second encounter and 
uncertainties in Helios A launch date. 

Block IV receiver-exciter for Station 71 installed 
and being tested. At all Deep Space Station sites, 
implementation for Viking being hampered by 
impact of flight support for Mariner 10 extended 
mission, Pioneers 10 and 11 , and uncertainties in 
the Helios launch. Task team established to 
develop work plan for all Viking implementation. 

Helios A now launched and implementation of 
remaining Viking equipment has commenced. First 
system integration test with Mission Control 
Center completed on l6 December. Viking task 
team indicates heavy demand for station hours to 
accomplish remaining Viking work on schedule. 
Special Network status review for Viking Project 
Office held on 9 December. 

Block IV receiver-exciters for Stations 43 and 
63 continue on schedule. High-power transmitter 
installation completed at Station 63. Contractor 
starts work on construction of facilities at 
Station 43. Second Viking status review held on 
24 January 1975. Approved NASA Support Plan 
expected from Headquarters in November has not 
arrived. Integrated Network schedule has been 
developed and programmed for reproduction 
on the 1108 


Equipment problems at Station 71 caused failure of 
third System Integration Test. Radio-frequency 
compatibility tests with Lander 1 in progress. 

Four weeks delay announced in completion of high- 
power transmitter facilities at Station 6 3. Three 
week delay annoimced in facilities construction 
at Station 43. Viking NASA Support Plan 
now approved and distributed. Block II 
Network Operations Control Center now opera- 
tional to support Viking launch and cruise. 
Development of Intermediate Data Record 
capability for Block III Network Operations 
Control Center in progress. 
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March 1975 


April 1975 


May 1975 


June 1975 


July 1975 


I 


Third System Integration Test at Station 71 now 
completed. Radio-frequency compatibility tests 
with Lander 1 and Orbiter 1 completed. Block IV 
receiver-exciters for Stations 43 and 63 continue 
on schedule, expect installation during antenna 
downtime in May and June. " 

Viking Project has participated in Intermediate 
Data Record reviews for the Network Control Center. 
Implications of requirement for additional second 
26 -meter subnet several months earlier than 
originally planned being evaluated. Stations 11 
and III declared ready to support planetary verifica- 
tion tests. 

At Merritt Island Station all data system compat- 
ibility tests complete. Block IV receiver— exciter 
for Station 43 is on site, but station personnel 
are on strike. No apparent threat to launch 
readiness dates. Performance Verification Tests 
with Stations 11 and l4 run on 28 April with reruns 
scheduled for May 5 • Data transfer portion of 
these tests satisfactory , but analog and digital 
playback were unsuccessful. At Station 71 , all 
data system compatibility tests completed with 
no liens. Block IV receiver-exciter for Station 63 
is on site; installation and checkout in progress 
at Stations 43 and 63 . 

Station 43 has resumed operational support. Noise 
abatement on the antenna at Station 63 commenced 
on June 23. All System Integration Tests and 
Ground Data System Tests complete throughout 
the network. Operational testing nearing comple- 
tion in the second 26 -meter subnet. Network test 
and implementation schedule now in regular use. 
Corrective measures to improve performance of 
analog recording within the network in effect. 
Network launch readiness review for Viking 
scheduled for July 9* 

Merritt Island Station has completed all compati- 
bility tests . Station is providing prelaunch sup- 
port. Block IV receiver-exciters at Stations 43 
and 63 installed and checkout continues. Antenna 
noise abatement at Station 43 expected to be 
completed by July 30. 
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